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THE PETALS ( continued ) 


GROUP IV* 


iub-grtyp (a) 

Sulhgrgnp ( b) 

C^bon. 

Silicon.' 

Titanium. 

Germanium. 

Zi;ponium. 

Tin. 

(Cerium). 

Lend. 

Hafnium. 


Thorium! 



374 In this group there is no well-defined* division of the 
elements .composing it into two distinct etib-grnups, such ns is 
noticeable in the others of the first seven groups, and the ijiffer- 
jnces observable between the membeft of the odd &ijd %ven 
serieg are only of minor Importance. 

Ceripm probably belongs to this group, but as its chemistry, ip 
so intimately connected with that of the othensmembers of the 
group of rare earth metals it has been described among them. 

The first t*> members of this group, carbdh and silicon, Save 
already been described among the non-metaUic elements. Both 
exiijj in the amorphous and crystalline states, silicon melting, 
onjy at a very high temperature, whilst carbon has not yet 
been mefeed, although it volatilises at the highest attainable 
temperatures, fhe remaining elements all ’have metallic 
properties, and, with the exception of tin and lead, possess Jiigh 
njelting poidts; in the compact state they undergo at most a 
surface oxidation in the air at the ordinary temperature, but 
W|pn strongly heated readily combine with oxygen, an<f, except 
in the oaaa of lead, the oxide formed in presence of an excess of 
oxygen is the diozidt. The dioxides of the members having 
the lower atomic weighta, including those of flsrbon&d silicon, 
betytve chiefly as add-forming oxides, but they become n^e 
baste as the atomic weight of the element increases. These 
ox^e^ correspond in each oase with a seried of saty in which 
Toi»nf(n.) Mi b 




Tta TrrAJjTUM GBOUP- 


Jbs dement is tetravaknt^ and', except in the casefoHead, this 
series iududee the. most important compounds# Lead in its 
most characteristic compounds is divalent, and, |s is so frequently 
the case with eljmenta having a high atomic weight, it presents 
many resemblances to the elements having the next lowest 
add next Jjighest atomi# weights, viz., thallium and bismuth. 

A very characteristic ^eries of doable salts 19 th the alkali 
halides is fielded the tetrahslogeif derivatives of most of 
these elements, the double fluorides, which hav?\h# general* 
•formula M , 1 M lv h' 9 , beingathe most important. In the case of 
Silicon, titanium, germanium, zirconium, ^nd tin, these com- 
ppunds are isomornbbus, |iut this appears not to be the case 
with the thorium compound. The corresponding salt of lead 
has not been prepared, but an acid salt, l’bF ( ,3KF,HF, exists, 
which is isomorphous with the analogous tin salt, SnF,,3KF,HF, 

‘Carbon is distinguished from all other elements by tie pro- 
petty possefsed by its atoms of uniting together in opqn or 
diked chains, forming nudei, which may contain as many Is 
dxty atoms, andiwhich, in combination with the. other olements, 
give rise to the inunense number of carbon compounds. The 
same, property is observable to a much (mailer extent in silicon, 
but ’not in tho ofher members of the group, lu addition to 
the typical elentnts, carbon and silicon, only germanium, tin,' 
and lead, the members of the “ odd ” series, yield organo- 
metallio derivatives. 


THE TITANIUM GROUP. 

> 

TITANIUM. Ti- 4 * i. At No. »*. 

375 The Rev. William Gregor 1 in 1789 discovered a ryw rae'tjd 
contained in th*e mineral inenacbanite or ilmetiite, Sccurring in 
Cornwall. In 1796 Klaproth investigated the compcSition of 
the mineral rutile, and discovered in it a new metal to which 
he gave the name of titanium. In a subsequent investigation &f 
ilmenitej in 1797, he found that the metai which that minral 
contained was titanium. Klaproth found that rutile consisted 
mainly of titanium dioxide, but he did not succeed in obtaining 
the oxide 1 h the pure state, this having been first accomplished 
by Rose in lfcl. 

Titaniu/h, though not an abundant element, is very widely 
1 CnB. Atm., 1791. 


TTTjJnUM sn 

. J * 

distributed! It is not found in the, metallic state, butVcc^n 
u the dioxid^J^D s , in three minerals, rutile, brookit#, and anataae, 
which possess ^jflerent crystalline forms;'in oomBination with 
ferrous and feme oxides in titanic iron ore or ilmeiyte, FeTiO,; 
'and .with lime and oxide of iron in porqfskite, ( (Ga,Fe)TiOj, as 
well all in titanite or sphene, j-'aTiSiOj, s^iorlomite, CalTi.FejSiQ,, 
and keilhaujje, CaYt(Ti,Al,Fe)SiOj. Magnetic iron ore also 
frequently contains Wlger or Binaller quantities'of titanium 
1 which ftndSIts way into many blaat-furnflbe slags and pig-irons. 
Titanium occurs in small quantity ^n several other minerals, 
and traces have been found in trap and ba&lt, in many amphiboRs 
and micas, and in garnet; hence it jccur#ig most fertile sqils in 
quantities between 0-3 and 0-6 per cent., 1 in many clays, and 
likewise in certain mineral wa&re. It has been found in human 
and ox flesh and bone, 2 and occurs in the ashes of all plants 2 in 
quantities up to 0-27 per cent., 4 and in many peata.i Its presence 
has-been detected in certain meteorites, and it forms sn'irj- 
fortant constituent of the solar atmosphere. • • 

Preparation gf Metallic Titanium .—Metallic titanium is difficult 
to obtain in the pure condition; the usual methods for the reduc¬ 
tion of the oxide, such fA heating with metallic sodium and mag¬ 
nesium, yield products wbioh still contain considerable quantitief 
of titanium monoxide, and the product obtafjpd by the action 
of sodium on halogen derivatives of titanium also usually contains 
Brnall*quantities of the monoxide, formed by # tho action of'ttoo 
moisture present, and of the nitridl, obtained by tbo direct 
union of th%metal with nitrogen, which it«8 almost impossible 
completely to exclude. Owing to the extremo readiness with 
which titanium and nitrogen combine at high temperatures, and 
to*the metallic appearance of the nitride, this compound was 
pfistak^i by the earlier investigators for the metal iAelf, as was 
also the dbrapoflnd which it forms with carbon and nitrogen, 
sow klfbwu as titanium cyajonitride. 

Moissan «fnsed carbon with an excess of titanium dioxide 
It a very high temperature in the electric furnace. Three 
hstinct layers were found in the solidified product, the uppermost 
^insisting of titanium containing about 5 per cent, of carbon, 
is second of the nitride, and the third of titanium monoxide. 


> Q«Install, J. Lamdw., 1920, 68,107. 

• BukerrUl% J. Aw. Cta Sac, 1899, 21, 1099. 

» Wtll, J. Anur. Clum. S«„ 1896, IS, 40J; Ljppmian, Be,.. 1#97, 38.R037. 
iOdilrntnn, J. Lamiv., 1920, 88, 107. 

“B^fctrrUk. J. Aw. Chem. 8ae„ 1899, *t 402. 
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t4 layer w» heated again with an excess /f titanium 
dioxide; the quantity of carbon was reduced toi jftr cent., and 
the product was free from nitrogen and silicon. 1 , 

Nilson and *fetterssont 1 by acting on titanium tetrachloride 
with sodium Yn«an me-tight cylinder of mild steel at a reddest* 
pr^ared metallic titaniup in yellow |calea, which had frequently 
a bluish surface colour, ^hese, however still conjoined a con¬ 
siderable qudhtity of oxygen, probably as the monoxide. A still 
less pure product is obtained by heating potassium tftlndfluoride ' 
irith sodium. A very much purer product has been obtained by 
hating titanium okide in an evacuated iron ^vessel with calcium 
shavings’ 

Metallic titanium has been prepared by Stabler and Bachran 4 
by heating the dichloride in a current of hydrogen to 1100°, when 
•the reaction: 2TiCl, = TiCI, + Ti takes place. A method of 
preparing titaaium of 99-7 per cent, purity has been described 
by FdHsHiaA The method consists in > placing a mixturq of 
sodflirn and titanium tetrachloride in a steel boraB filled wit9 
hydrogen or carbon dioxide and containing a nunjjier of polished 
steel balls. The bomb is closed by a powerful screw and sealed 
with rqoltcn lead. The bomb being closed, *he whole is*rotated 
at 200° for 20-40 ijoure to produce an intimate mixture. The 
reaction i* starteiBy heating the bomb strengiy for a few minutes. 
When the reaction is complete the bomb is cooled from the top 
downwards. Th^ product ia titanium in the form of minute 
, crystals which are highly ftactive. 

Titanium is a brittle, grey metal, which is hard enough to 
scratch steel and quartz. It has a density 4-87 and milts at 1796°. 
IJ is Btable in the air at the ordinary temperature, but burns bril¬ 
liantly in oxygen at 010°. Titanium combines with nitrojjhn 
with extreme readiness, in this respect resembling bo|pD arfd 
magnesium; the Auction commences at about 800*, andThe nitride 
' ia alsq formed together with the oxide when the metal Mbms in 
the air. 

Titanium combines with the halogens when heated to form thf 
tetrahalidfea; with chlorine the action takes place at 350°, witjj 
bromine at 360° and with iodine at 400°. It dissolves slowly 
in dilate sulphuric acid and in concentrated-hydrochloric acid, 
with liberafton of hydrogen and formation of violet salt*. It ia' 


< Xoiau, CeiafS. mat. 1KW, 180, 200. • Zcif. pkpihJ. Cltm, 18*7, X. 2S. 
• Wedekind, Amulet, ISIS, *9*. US. • Bv„ 19X1,4i 1907. 

•'left ono»». Ckee., 1917. St, 1JS. 
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8S8 

converted kto titanic add by nitrife add an*I aqua re^la «d 
decomposes ndhn at 700-800°. Moissan ‘has disttyled the metal 
in the electric fsrnace by the use a current of great intensity, 
,tlie rae(al condensing in small crystals* 

Metallic titanium in the form of its allbya is used in the steel 
industry. Steel to which a small quantity of titanium has t>e«n 
added is improved in (ensile strength and is largely used on the 
American j^ilways and for bridge construction. 

TITANIUM COM*PO<INDS. 

Titanium andOxyg*r». 

376 Titanium combines with oxygen to form a nunmer oi* 
oxides, the most jmportent being: 

Titanium monoxide, TiO. 

Titanium sesquioxide, 11,0,. 

Titanium dioxide, TiO,. 

Titanium peroxide, TiO,. 

rifayium Monoxide, TiO, is obtained in the form of black, 
prismatic crystals by heating the dioxide strongly in the electric 
furnace , 2 and isjdso formed, togethei*with magnesium tifanate, 
wiyen titanium dioxidl is heated with the nfjwisite quantity of 
maggesium powder: * 

2Ti0, + Mg = Ti0 4 i-MgTi» J . 

The hydride, Ti(OH),, is formed os a l^ack precipitate when 
an alkali hydroxide is added to a solution of titanium dichloride. 
It is reqdily oxidised in air to hydrated titanium dioxide. 

•Titanium Sesquioxide, Ti,0,, is obtained by strongly ignitiifg 
^fttaniimi dioxide in a current of hydrogen and allowing the 
product’te coolsn the gas. The same oxide may also be obtained 
as a c^iper-coloured, lustrojis, crystalline maw, together with the 
trichloride* and oxychloride of titanium, by passing a iflixture 
of hydrogen and the vapour of titanium tetrachloride over 
white-hot titanium dioxide. It is not attacked bye nitric or 
hydrochloric acids, but sulphuric acid dissolves it with formation 
of a violet solution (Ebelmen). 

The hydrated sesquioxide is formed by digesting • solution of 
titanic aci< 4 in hydrochloric acid with metallic copper at 20-40°; 
the solution attains a violet-blue colour, and when .pouret^ into 

"* Cam;*, mi., IMS. Hi, 873. 1 Uomm. Comjdtmi., 1882,1U, 1034.. 

* • HfaUer . Ber., 1880, 23. 2888. * 
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nqucote aramonip yields i dark brown precipit&tof of ^itenous 
hydroxide (Pacbs). file hydroxide is formed atennvben a soln- 
ion of the tnejdoride is precipitated by alkalis. • 

When titanium sesquitfcide is shaken with milk of lin\e in the, 
presence of oxygen it is oxidised to the dioxide. More oxygen 
is Sbsorbed, than is necefeary for this change, whilst hydrogen 
peroxide is formed in anjount corresponding to 4he whole of 
the oxygen absorbed. Water most therefore take^gart in the 
reaction, and the phenomenon is probably a case of autolidation 
fwe Vol. I., p. 253). Jn the same way, when the sesquioxide 
is oxidised by a solution of chromic acid in the presence of potass¬ 
ium iodide, or by petassiuta permanganate in the presence of 
' tartaric aci(T| titanic acid is formed a and at the safce time oxidation 
of the potassium iodide or tartaric acid is brought about . 1 
1 Titanium Dioxidf, TiO„ is trimorphous, occurring as three 
different minerals, rutile, anatasc, and broolrite. Rutile*crys- 
tftllise^in tetragonal prisms, having a specific gravity of 4-1&—4*25^ 
isomorphous with those of tin dioxide or cassiterite, and possess¬ 
ing an adamantinedustre and a brown or reddish colour. Anatase 
crystallines in a totally different form of the tetragonal jystera, 
has a specific gravity of 3-82-3-1)5, and a fcnfwn or black colour. 

• UrookTta .crystallises in flflt, rhombic prisms and has a specific 
gravity of 4-12-Hft. • 

^piorphoua titanium dioxide is obtained by the decomposition 
of aqueous titanium chloride by ammonia, the precipitate 
Lbeing washed, dried, and ignited; or it may be directly prepared 
from rutile or titaufc iron ore. In order to prepAe the pure 
oxide from rutile, the finely-jwwdered mineral ia lused with 
tljree times its weight of potassium carbonate, the eMidifijd 
mass powdjred and dissolved, in a platinum vessel, in dilutp 
1 hydrofluoric acid, potassium titanofluoride being thyajformcd’ 
and tho ferric oxido left free from titanium. The mass is then 
*heate4with sufficient water to dissolve the whole of the titanium 
double salt, the liquid boiled, and filtered hot. On cooling, the^ 
rnaas of the*titanofluoride crystallises out, and this, after washing 
with cold*water, may be purified by recrystallisation. Th* 
titanofluoride is then dissolved in hot water and the titanium 
precipitated by ammonia as titanic hydroxide containing am- < 
monia, whioR on igdtion yields pure titanium dioxide (Wtihler). 
Fure^titanio oxide may also be obtained from titaffio ore in a 
•unifir manher, or bj fusing it with potassium bisulphate, or 
Ujanehot and Riteber, Btr., 1906, tf, 3*0,48S. 



TITANIUM OOKPOUNB6 Bin 

1 " * ,, - 

igniting it * * mixture of chlorine apd hydrochlorio aci^wirtn 
ferric chlorid* ^♦’olatilised (Friedel and Gu4rin): , 


2PeTiO s 4HCI + Cl, = 2FeCl. + 2TiO. -> 2H.0. 

. 

Amorphous titanium dioxide is a white, tasteless powder 
which when gently heated has a lemotwyeilow colou^ and wlft* 
strongly ignited appears brown. Itjhas a specific gravity of 
, from 3-89t^J-95, and when very strongly heated this’rises to 4-25. 
Wheif it is heated with microcosmic salt (Ebelmen) or with 


borax (G. Rose) for some time to a «vhi^ heat, fine crystals of 
rutile are obtained, which have a specific gravity of 4*26. Crystal¬ 
line titanium dioxide can also be obtained by passing the gages 
obtained by decomposing molten potassium titanofhioride with 
hydrogen chloride through a hot platinum tube into which a 
current of moist Vr and hydrogen is also passed. In this way 
Hautefeuille 1 has shown that by treatment at« temperature 
got*exceeding the boiling point of cadmium (778>), ansfaie js 
produced, tfio crystals of which have a specific gravity of 3-? to 
3-9; at a temperature of about 1,000°, steel-blue coloured rhombic 
crystal^ of broolrite are obtained, which have a specific gravity 
of 4-1, and closely* resemble the natural crystals from JUiask. 

, At still higher temperatures again, rtltilc in nroduccd^ efl that 
thi* last is the only ft#m which is stable at a*Wgh temperature, 
and ip an acid or moist atmosphere.* 

At the temperature of the oxy-hydrogep flame titanium 
dioxide fuses, forming a thin liquid, which solidifies to a confused 
crystalline itass. 

In its chemical properties titanium dioxide closely resembles 
tljj corresponding silicon dioxide, behaving as an acid anhydride. 
4 is insoluble in water, hydrochloric acid, and dilute sulphurio 
heid, rdthpugh it dissolves when digested for soma time with 
hot cogcen'trateS sulphuric acid. The amorphous oxide dissolves 
on fusion with alkalis or alkali carbonates, unless it ha^ been 
strongly ignited, forming the titanates, and also dissolves slowly 
in fused potassium hydrogen sulphate, yielding a clearvnaas which 
dissolves perfectly in warm water. When this solutiotf is boiled, 
the hydrated dioxide is precipitated. Titanium dioxide corre¬ 
sponds to the most important series of titanium salts in which 
tiie metal is tetravalent. 

Titanic Acid and the Tilanales. -At is the case With the yialo- 


• dw. dim. />**., 188®, [4), 4. 129. 

• Frfcdel sad Gloria, Bull Sot. Mm, 1S74, tt. «2. 
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goiu /Jidc acid, several iijdratea of varying coronation an 
known. Thqfe ippeara to be little doubt tfcajrthe hydrate 
orthatilanic acid, TifOH),, and metatilanic acid, t TiO{OH)„ exist, 
but in addtydh.othcra have teen prepared containing quantities 
of water interm&liatq between the amounts required tor tbee^ 
tw formula, and also «fth less thafl that required by the latter 
formula, these may possibly be the hydrates corresponding 

Orthotitnnic Acid, Ti(OH^„ is obtained by adding an alkali to 
aYcnld hydrochloric atid solution of a titanate, and* forms a 
voluminous white precipitate which is soluble in dilute hydro¬ 
chloric acid,and sulphuric acid, and loses wates on drjring, form- 
■ ing other hydrates. When hca'ted it is converted into the 
, anhydride, the reaction being accompanied by evolution of light. 
Wpen allowed^to remain under water it is gradually concerted 
into metatitanic acid. 1 v 

' Xelalilanii Acid, TiO(OH),, is obtained by boiliifg a solutiofi 
of orthotitauic aciij in hydrochloric acid, or by the^ction of nitric 
acid of specific gravity 1-25 on titanium. It is insoluble in 
acids except concentrated sulphuric acqj. »When heated it is 
converted into the anhydride without emission of light. 

The otticr hydrates also are frequently apoken of as “ ortho ” 
or “ met* " acids, according as they are soluble or insoluble in 
diMe acids. 

l}y the dialysis of a hydfochloric acid solution of orthotitanic 
acid, Graham obtain'd » solution of colloidal titanic acid, and 
von dor Pfordtcn has also obtained the acid as a colourless jelly.* 
Potassium Tilannlc, K,TiO„ is formed as a yellow,* fibrous 
rftass when tho dioxide is fused with potassium carbonate, ftn 
, boiling titaJiic acid with caustic potash and evaporatjag the. 
solution, colourless, readily soluble prisms of ff t TiO,',4H»0 we 
>deposited. When a hydrochloric a«id solution of titanic acid 
is precipitated with potassium carbonate, an amorphous pre¬ 
cipitate of. potassium trititanate, KjTijOj^HjO, is thrown* 
down, and this in presence of hydrochloric aoid is converter^ 
into a hexatitanate, KjTijO^^HjO. The fused anhydrous 
normal salt, when treated with water in excess, also yields a 
trititanate, E,Ti,0,^H 2 0, as a fine crystalline powder. 

When sodium carbonate and titanium dioxide are fused the 


to the complex titanic acids, but they have not been obtainee 
of sufficiently definite Composition to enable this to b&‘ascertained 


1 Wsgn.r, Btr., 18*8,0.960. 
* Amain, 18*7, ZCt. It*. 



. th^nium oo»ouijbs ,. sm 

three Mu » tilanala,' Na,Ti,0 14 , FajTi 3 0 7 , pad Na,Ti#„ aw 
obtained; o. tllfese, Na*Ti,0 M crystallises^ in fon^s resembling 
augite and has wrefractive index greater than 1-74, 

Calcium Titanate, CaTiO,.—This octurs in ;he Urals, in the 
valley of Zermatt in Switzerland, and al MagneUCove, Arkansas, 
as the mineral perofskite, which contain in addition 1 to 6 f>ar 
cent, of ferrous oxide, fs well as traces of manganese and mag¬ 
nesium. Jt^forma rhombic crystals having a metallic or ada- 
mantinS lustre, a yellow or iron-black colour, and a specifio 
gravity of 4-0. The crystals can be artificially obtained by 
fusing a mixture of potassium carbonate and titanium didxiSe 
with a large excess of calcium carbonate. 2 « • , 

Calcium^itan/kiheate, CaTi§iO t , is fotmd as titanitc or sphene 
in brown, green, or black monocliuie crystals, having an ada¬ 
mantine or resinflus lustre and a specific gravity of 3-4 to 3-56, 
occurring imbedded in granite, gneiss, mica-schist* and granular 
limestone. Titanitc ojn be obtained artificially by ^fusing 
calcium chloride with titanium dioxide and silica. The mineral 
guarinite has 4hc same composition as titainte, and is found 
in tetr|gonal crystals, having a specific gravity of 3-487, in 
small cavities in a gfeywh trachyte at Monte Somma. . 

llmenite, or Tjfanic Iron Ore, FeTiO,.—This mineral, the one 
in yhich titanium wa* first discovered, occur?tolerably widely 
distributed, and crystallises in black, hexagonal crystals, ppe 
of jta most important localities is Kjageroe, an Norway. Fine 
crystals are also found in Warwick Co., New York, and > vast 
deposits oc<*u at Bay St. Paul, in Canalfc. It is frequently 
found' in the finely-divided state as sand on the shores of the 
Meraey Opposite liverpool, in New “Zealand, and elsewhere 
I^i specific gravity ranges from 4-5 to 5, and it* composition is 
• variable^one. It was thought to be an iaoraorphous mixture 
of the sesquioxwlcs of titanium and iron, but is’now regarded aa 
a derivative of titanium dioxide. Many ilmenites contain 
magnesia, 2 *and the formula hns sometimes been written as 
(FeJUgJO.TiO,. 

k Oeikidi/e, a rare mineral from Ceylon, it a ferro-magnesian 
titanate containing a high proportion of magnesia* 

Titanium Trioxide, or Titanium Peroxide, TiO„ is obtained by 
dropping titanium chloride into dilute alchhol an5 adding a 

• 

> Niggli. M. anal. CUm., 1916,96, Ml. 

■ Penflrid sad Foote. Ama. J. Set., 1897, ft], 4 ICq. 

"Cijok sod Jones, Wntr^tafkat Mofnrine, 1900 ,14 160. 
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»rge txce&s of Jydrogen peroxide to the solution. Aftimonia, 
mmonium carbonstej or potash is then added, fcsu after a time 
bright yelloy precipitate ey pa rates out. Theaprecipitate con- 
sts of a hydrate of titadium trioxide, Ti0j,3H,0, which retains t 
ater and safta.very persistently, and dissolves in hydrochloric 
rfS with evolution of a litle chlorine and formation of a yellowish- 
red solution. 1 

When titanium trioxide is treated at 0° with hydrtjf'gn peroxide 
and potash and alcohol arc then added, crystals of jUlataium 
peioxide hypertitanaie * K|0 4 ,Ti0 1 ,K t O t ,10H | 0, separate out, 
whilst if aodrf is used in place of potash the compound formed has 
the composition (Ka s O l ) 4 ,’lijO,,10H 2 O. These substances are 
i stable at 0™ but lose oxygen at oglinaty tempetatures.* 

Titanium and the. Halookns. 

'377 Ti/anilm Trijhtnriile, TiF„ is obtained us jui infloraoi* 
violet jiowder by igniting potassium titanofluoride in a current 
of hydrogen and‘treating the product with hot water. It is 
also formed when the potassium titanofluorido is reduced in 
aqueqfla solution by tine and hydrochloric acid or sodium 
amalgana It combines with ammonium fluoride, forming the, 
double salts (NlTjjTiFj and (NIf,),TiF,. * 

•K/umwni Telrajtwrridf, TiF„ is obtained by the action of 
fluorine on wanfl, finely powdered titanium, or of anhydrous 
hydrofluoric acid or^ titanium tetrachloride at 100 - 120 °, or on 
powdered titanium at a red heat,* and also by tje action of 
liquid anhydrous hydrofluoric acid on the tetrachloride . 4 It 
may also ho prepared by heating barium titanofluoride to a jpd 
heat . 4 Its is a white solid at the ordinary temperature, boils 
at 284°, and ha* the specific gravity 2-708 at ,27-6% aftilst it! 
vapour destiny at -144° corresponds with the formula TiF* It is 
very hygroscopic and dissolves in water to a clear solution, which 
on evaporation deposits crystals of TiF„2U,0. With dr& 
ammonia, it forms the compound TiF 4 ,2NH„ which sublimes 
without decomposition and is soluble in water. Titaniutt 
tet rafluoridc is decomposed by hot sulphuric acid with formation 
of the dioxjde. 

1 Uu«n, Brr.’lSSS. M. 370. 

■ IjrlikoS «<l Plwurjowiky, Bet., 1898, 81* 9*8. 

* Bull and Ipam, Ber % 1803, M, 1777. # 

• Bufi and Blfto, Her., 1804.87, 673. » Fjmjb, 1904. 28, 1907. 
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When’tit^iium dioxide is dissoIvM in hyirofluorio Aid a 
' syrupy liquia obtained, which probably cont^jna hydrogen 
ItiapojluoTvk, H,TiF 4 . The litangfluorides are. isomorphooa 
jrith the,u!icofluorides, zirconofluorides' and stannifluorides. 

Potq/tsium Titanojl'ioride or Pottutium PluotiUmate, K,TiF,.— 
This salt may be prepared by the action of potassium hydroge* 
fluoride on a solution of ^tanium dioxiile in excess of concentrated 
,hydrofluoric .acid. It crystallises in srqall, lustrous leaflets, 
which may be recrystallised without change from hydrofluoric 
acid. 1 The hydrated salt, K.TiF^H^O, >s prepared either ly* 
adding potash to aqueous hydrogen titanofluoridrf (Berzelius’, 
or, according to Wohler, by fusing titanium dioxide in a platinum 
crucible with twfae its weight of potassium carSonate and 
dissolving the fused and pulverised mass in a platinum dish 
in the requisite’quantity of dilute hydrofluoric acid. The 
potassium salt then crystallises out in shining Vales closdly 
resembling tjiose of boric acid and belonging to tlf£ monoolinie 
system (Marignac); they may bo dried between filter paper 
and recrystallised from boiling water. It lose/its water at 100° 
and me^s without decomposition at a white heat. The anhy¬ 
drous salt may be oBtalhed from the hydrated salt by recwRtal- 
.lisation from concentrated hydrofluoric tcid (Marchetti). .When a 
warm solution of potass Aim titanofluoridc is treated with hydrogen 
peroxide, potammn lUanoperoxyfivoridr„ TiO,F 2 ,'JKF, is formed, 1 
Sfdium Tilanojhionde, Na,TiF ( , y obtained in a similar 
manner to the preceding salt in hexagonal prisms most probably 
isomOrphous Vith sodium silicofluoridc (Mafignac). A solution 
containing an excess of hydrofluoric acid deposits small, glistening, 
rhqjnbic crystals having the composition Na > TiF.,NaHF 1 . • 
jtmmcnium Tiianojluorilr, (Nif 4 ) t TiF 4 .—This salj wob ob¬ 
tained fcy, Berzelius, in rhombohedra iBomorphous with the 
comspqpding tin compound, by neutralising hydrogen titano- 
fluoride with ammonia. Another salt of composition . 

, * (NH t ) I TiF„NH 4 F 

separates in tetragonal crystals from a solution of the*preceding 

salt in an excess of ammonium fluoride. 

“ Titanium Dichloride, TiCl,, was obtained by Friedel and 
pu6rin * by passing dry hydrogen at a dull red heat over titanium 
trichloride. This compound is a very hygroscopic light brown 

1 Muchirtli, Zeil. anery. Chen., ISM, 10, SC. • ' 

•fteini. Ztit. morg. Ckm., ISM, U, MS. 

* Ang. Ckim.Pkgr., 1878.[g],7.24. SUMerand Baehru, AA.IMl.ltMOfl. , 
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powrftr, which c*n be volafilised in hydrogen *t a redlieal withow 
fusion. It jjbms likg tinder on exposure to ait* giving off fuma 
of titanium ttf rachloride and leaving a residue ohtitanium dioxide 
It hisses when Arown into water, evolving hydrogen am} yielding 
a yellow liquids • « , 

•Titanium Trichloride’Tidy—When the vapour of titanium 
tetrachloride mixed wittn hydrogen is jessed through a red-hot 
tube, dark violet scales of the trichloride are deposited (Ebelmen)., 
It may also be obtained by heating titanium tetrachloride in a 
•^osed tube with moletulaf silver at 180-200°: 

TiCl 4 + Ag —- TiCl, + AgCl. 


If the iflixture thus obtained is heated rtore strongly, the 
reverse action takes place (Friedel end Gu4rin). Titanium 
trichloride has also been obtained by the electrolytic reduction 
of a solution of titanium tetrachloride in dilute hydrochloric 
•ciS,Violet crystals of the composition Tifl^OHjO being deposited 
wlfen the resulting liquid is either evaporated'in vacuo or 
saturated at 0 ° with dry hydrochloric acid . 1 • 

Titanium trichloride is non-volatile, and on heating decom¬ 
poses, into the dichloride and tetrachloridfe. When heated in 
the fir, # thick vagours of*titanium tetracliloridp are emitted and # 
titanium dioxide is left behind. It rcrtflily deliquusces on, ex- 
jyjure to moist air and dissolves in water with evolution qj heat, 
yielding a reddisVviolet solution. 

Titanium trichloride is a powerful reducing agent. Thun when 
boil'd with aquerAs sulphurous acid, sulphur rfparates out, 
whilst nitric acid and the nitrates are reduced by it to ammonia 
^Knecht), and the salts of gold, silver, and mercury to ttte metals. 
Standard solutions of titanium trichloride have been used^in 
volumetric analysis for the estimation of ferric jron apdWso for 
the analysis of a’number of colouring matters.* 

Dtpible compounds of titanium trichloride with the chlorides 
of rubidium and ciwium have been prepared ,* having the com- 
positiona TiCl„2HbCl,H,0 and TiCl„2CsCl,H t O. 

Tr/omUm Tetrachloride, TiCl,.—Metallic titanium does n«t 
combine with chlorine at the ordinary temperature, but when 
heated to 350° it barns in the gas with brilliancy, forming the 

1 Polidori, Aif. anarg CW, 1S99, It, 300; Stabler. Bo.. 1994, tt, 4405; 
Spaa* ml Son. Or mum Patent, 154*42, • 

• Knee hi, Bo.. 1903, M, IBS; Kiwofat end Hlbbert, Hid.. 1903, K. 1*49; 1905, 
38. 3318; 1907,«, 381% 1910. U, 3455. 

• Stabler, Btr, 1904. tt, 4405. 
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tetraohlowuL (Wohler). According to Riedel fnd' (ftOrin, 
titanium diondf is converted in presence of chorine at a white 
heat into titaoiiyn tetrachloride, oxygen "being evolved. The 
tetrachloride is readily obtained by passing drjrchlorine over a 
Seated nfixture of titanium dioxide and carbon, irlfllst it is also 
formed 1 , together with carbpnic oxide sand hydrogqp chloridb» 
when chloroform or carbon tetrachloride vapour is passed over 
heated titanium dioxide* * 

* It ma^allif be obtained by heating powdered ferrotitanium in 
a current of chlorine or by treating ferrotitanium with hydrtj* 
chloric acid to dissolve out most of the iron, and heating the dried 
residue of titanic oxide with carbon ir^a stream of chlorine. 1 Jtja 
a mobile, transpawmt, colourless liquid, having a spedfic gravity 
of 1-7604 at 0° (Pierre). It freezes 1 at -23°, and boils at 136-4° 
(134-8°, Emich), its vapour having the normal specific gravity 
of 6-836 (Dumas). It possesses a penetrating acid odour, and 
emitg dense white fumes on exposure to air. • # * • 

’Titanium tetrachloride is decomposed by an excess of water 
with formation*of titanic acid, which remain* dissolved in the 
aqueous hydrochloric acid simultaneously formed. By careful 
addition* of water it* is .possible to replace the chlorine items 
one by one by hydroxyl, yielding the compounds TiC],(DII), 
•TiCUOM),, and fiCHOHJi, whilst an excess of\ater converts it 
into Ti(OH) t . # 

Titanium tetrachloride yields a lanjo number of crystalline 
compounds with other chlorides analogous to those formed by 
stannic chloride.* When dry ammonia gas in passed over titan¬ 
ium tetrachloride it is rapidly absorbed, and a very hygro¬ 
scopic powder, TiCl 4 ,4NH,, is formed which when ignited yields, 
a fellow sublimate of TiCI 4 ,3NH 4 Cl. Other compounds with 
ajnmoDin * have been prepared of the formul® Ti(3 4 JbNH, and 
TiCl 4 ,8NHj°; theift are solid bodies which lose afomonia readily 
in air afid on extracting with liquid ammonia yield ammopium 
chloride an8 a dark yellow substance, Hlanamtdr, Ti(NH,) 4 . 

* Titanium tetrachloride dissolves in concentrated hydrochloric 
ajpd to form a yellow solution containing Moro-tiidkic acid, 

> Reaz, Bo., 1806, N. 249 

'• Visesroo« sod Arricsut, BuU. Hot. Mm., 1807, [4], 1.19. 

* * Emich, JfesolA. 1904, 2*. 907. ' 

*Sm Rosenhfjm, sod Schott*. Zat. aaurj. Chtm., 1801. 28! 239; Ruff tail 
IpMO, Bo., 1883, M. 1777. 

1 Stabler, Bo., 1800. *8, 2619. So* »1>o Rosenheim sad ScbOttc, ZtH. 
non. Chan., 239 . 
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HjTitS,, 1 and when this solution is treated with t* tieoretioa 
quantity of ammonium chloride yellow crystal^« ammoniun 
chlorotitanale separate. , 

Titanium Oxychloride,’ Ti,t)jCl„ is obtained, together with the 
trichloride, W]pn a mixture of hydrogen and the vfcpour <A 
titanium tetrachloride k passed cyer the ignited dioxifle. It 
forms redSish-brown, tojualueent crystals, whi^h bum when 
heated in the air with formation of thl dioxide and the tetra¬ 
chloride (Friedel and Guinn). Other oxychloride! also have 1 
.been prepared , 

* Titanium* Tribromide, TiBr^HjO, is obtained in unstable, 
deliquescent, violet-coloure^ crystals when a solution of titanium 
tetrabromide in hydrobromic acid is electrolysed, and the liquid 
thon saturated with hydrobromic acid gas. 1 

Titanium Tetrabromide, TiBr 4 , is obtained when hydrobromic 
acid is passedtfvcr the heated chloride 9 os an amber-yellowjiygro- 
finely crystalline mass which has a specific gravity of 
2-fj; melts at 39°, and boils at 230’. 4 ' • * 


It is readily .hydrolysed by water, forming oxybromidea, 
TiBr,01I amt 2TiBi(0H) a ,2H 2 0. It combines directly with 
ammqma, forming the compound TiBr*8^lf 3 . It dissolves in 
hydflihromic acidic form a blood-red solution which contains 
bromolUanic aq/t, H,Titlr,. When treated with ammoniun^ 
chloride, the ammonium salt of this acid, (NU 4 ),TiBr 4 ,2ft,0, 
separates in dark^red crystals. 

Titanium Di-iodiile, TiV is prepared by heating the tetra- 
iodide in a currcnteof hydrogen and mercury vapour. It is a 
black compouud which forms non-volatile, hygroscopic leaflets of 
density 4'3. It is decomposed by water and is soluble in boiling 
\ydrochlorio acid to form a blue solution. • 

Titaniufh Tri-iodide, TiIj,0H,O.—Deliquescent, violet crystals 
of this composition arc formed by the electrolytic induction of 
a solution of the tetra-iodide in hydriodic acid.* • 
Titanium Tetra-iodide, Tif t , is produced when ioditie vapour is 
passed over heated titanium (Weber); also when dry hydriodto 
acid is passed into titanium tetracldoride, which is gradually 


> Kumbmky, fell, moty. Ckrm., 1000. St, 189. KoocnJutim and Sohetto, 
Zftt. anory. Chen., 11101, £9,239. 

•StiUor, 190* 87, 4405. 

•Thon>«.*»a«.C*f*.*if., 1845, ft, 120. 

• Chippt, frar. ft*. Soc., 1857, & 42. 

• Dotscji snd Ooptat, S.tL Sue. (him., 1908, [3], 888. 

• Sutler, 1904,87. 4406. 
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heated Up Aits boiling point. The small quantity of freefodine 
giving a viollt.tkige may be removed by three oi» four distilla- 
tiona in a stream of hydrogen (Hautefeuifte). A third proeesa 
conaiata in passing the vapour of titanium tetrachloride mixed 
Vith hydrogen and iodine vapour thnugh a 4u6e heated to 
red newt. Titanium tetra-iodidc forma ft brittle maqp bavin/a 
reddish-brown colour a^d metallic lustre. It melta at 150° to a 
yellowish-brown liquid, which solidities on cooling in fine octa- 
'hedral crystals. It distils without decomposition at a tempera¬ 
ture slightly above 360°, giving rise to orange-coloured vapoura* 
The specific gravity of its vapour at 440° haa the normal value 
of 18-064. It fumes strongly in the$ir and dissolves readily .in 
water. 


Titanium and Sulphur, 

378 *T»tanium combines with sulphur to form the sulp^ijee, 
TJiS^ TijS a , %nd TiS, corresponding to the oxides of'ihe metal * 
Titanium Disulphide, TiS,, is obtained by passing a mixture 
of titanium tetrachloride vapour and sulphuretted hydrogen 
through, an ignited tube, and forms large brass-yellow, lustrous 
scales, closely rescuAlifig mosaic gold. It burns when ignited 
,in the air, yielding titanium dioxide an/sulphflfcdioxide.* 
Titanium Sesquitulphidc, TijSj, is formed by pSssing a mixture 
of moist sulphuretted hydrogen and carbon disulphide vapeur 
ova* titanium dioxido heated to bright redneifl , 1 or by igniting 
the disulphide in a current of an indifferent gas ; 2 it forms a 
greenish-blacfc or grey powder. It is stable towards dilute 
solutions of acids and alkalis, but forms green solutions of 
unsown composition in concentrated sulphuric and nitric acids/ 
»Titan»um ilonosulphide, TiS, is prepared by heating either of 
the foregoing compounds in a current of hydrogen and is s 
lustrous^ubstancc resembling bismuth. 

Titanous pulphate, TiSO,, is formed when metallic titanium is 
dissolved in sulphuric acid and the solution evaporated U> dryness. 

Titanium Sejujuisulphate, Ti,(S0,)j,8H,0, is obt^ned by 
dissolving the metal in dilute sulphuric acid. The violet solu¬ 
tion on concentration assumes a fine blue lustre and deposita 
tmall tufts of crystals {Glatzelj.* By repeated evaporation in 
Metro of a solution of titanium trichloride with dilute sulphuric 

1 Thorpe, Jours. Ckcm. Hoc., ISAS, 47,401. 

• von der Hoidlen, Am*la, ISSfl, 2H 290. 

• Compare S^blor, Her., 1905. 38, 2619. 
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eujpbate, Ti,{80 4 ) a ^Ia a S0 4 ,(iII a 0, has also been prepared. 8 The 
violet acid "salt forms with rubidium and ammonium sulphates 
the compounds 3Ti l (S0 1 ) 3 .Kb t S?) < ,24lI,0 and 
1 3Ti ! (S0 1 )„(NH 4 ) t SO t> 18H a O (Stabler). 

Normal Titanium Dimilpkale, is formal by 

oxidation of the sesquuulphato with nitric acid, and on 
evaporation remains os a transjmrcnt, yellowish, deliquescent, 
amorphous mass. The sulphate forms double* salts, such as 
KjS0.,Ti(S0 4 ) g ,311,0, Ti(SO 4 ),.0a8O„ etc. 8 , 

JlrJic Titanium Sulphatg, (TiO)SO„ is obtained ns a hard white 
mass by* dissolving dry titanic acid in bojling sulphuric acid and* 
evaporating* whilst crystals of (Ti0)80 4 ,511,0 arc obtained by 
btiHing titanic acid with alcoholic sulphuric acid and evaporating. 8 
Several other baSic sulphites hove been prepared * by heating 
titanium dioxide wjfh sulphuric acid in sealed tulx^ at different 
temperatures. 


Titanium and Nitrogen. 

379 Titanium is one of the elements which very readily com¬ 
bine with nitrogen, and two compounds of these two elements 
are Ifnown. • 

Titaniupt Mononitride, TiN, is obtained by heating titanium 
dioxide arery strongly in the electric furnace in presence of 
nitrogen. A better method 7 is to heat titanium dioxide in a 

* Pieelnl. Out., 1896, St. [2J, W2; Zt.t. nwry. Chrm., 1888,17,356. 

■Sptuw sSd Suo, li'nuto Pa loot, U9002 (1904). 

■ Welulud u*i KQhl, Ztit. anerj. CSem., 1907, M, 253. 

• Mere. J.pr. Chm.. I860, H, 157. 

* Rounhsim tod SchilU*. Ztit. anorj. Cheau, 1901, S, 239. 

• Mundd, $dL Soe. &•«.. 1899, [3J, SX, 262. * Raff, Bv.. 1909.41 V». 
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porcelain* Mfct for six hours at 1400-1500° in a atreiAi of 
'ammonia.. I* is*a bronze-yellow mass ^hich a specific 
gravity of 5-18 and is hard enough to scratch rubies and cut 
^jamondj . 1 * «• 

Titanium Nitride, Ti 3 N 4 .—When the ^ofiipound fid ll 4NH^ii 
heated a copper coloured Compound w obtained , 4 irhich waS 
regarded as tha element gintii Wohler,^showed that it contained 
nitrogen anj gave it the formula Ti a N',. Wohler also prepared a 
dark blul compound with a coppery sheen to which lie gave the 
formula TiN t . It has been shown by Mchi^ider * that the formy* 
substance contains oxygen and the latter docs not*exist. The 
tetranitride has been prepared by Ruff and Ikeidel 6 as follow*: 
The compound TlBrj.BNH, is gashed with liquid atnmonia to. 
form an orange-coloured substance of the approximate composition 
2Ti(Nff,) 4 ,TiBr t ,8JlHj. The compound is then treated with a solu¬ 
tion of*an equivalent amount of potassamide in Iiqflid ammonia, 
wjien mono potassium titanium di-imide, Ti(Nll)NI£ k and tftaine 
nitride are formed. The nitride has a brown colour ond is decom¬ 
posed by water i*to ammonia, and by heat intoTiN and nitrogen. 

TITANIUM AND CARBON. 

* *• ^ 

38.0 Titanium Carbide, TiC, is prepared by Awing titanium 

dioxidg with an excess of carbon, or with calcium carbide in t^p 
electric furnaco, and is thus obtained as a masajiaving a crystal¬ 
line fracture, apd a sjiccilic gravity of 4-25; it is not attacked by 
hydrochloric Reid, is only slowly dissolved by aqua regia, and 
does not decompose steam at 700°. In other respects it resembles 
metallic titanium, but bums more readily in oxygen.' 

{Jleel-gre/ crystals of titanium carbide hove bectj obtained 
fmra cdhf iron prepared from titaniferous ores . 7 Titanium 
carbide is used for making arc lamp electrodes. 

Tiiantiim Cyanonitride. —When iron ores containing titanium 
are reduced*in the blast-furnace small brilliant eoppcr-coloured 
cubes, which are hard enough to scratch glass and ttte almost 
infusible, are found in cavities both of the slag and of tffe metal. 

A mass containing as much as 80 lb. has been found in a single 

• ‘ MobM, Comp(, mi., 1895,120. 290. 

1 Uebig, Pogg. Ann., 1830, tl, 259. 

•Ansotos 18*0. 7*. 34. * Itit. anorg. CVnt.,1895. *. 81 

* Ru# and Treldel. Bor., 1912,45, 1354 

• gow, Comp, rend., 1893, ISO. 290; 1897,12S, 839, 

> 8U*er, CJtm. Jim, 188g, H, 150. 

•VOL. n. (D.) 
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blastfurnace ii; the Haft. Tbia substance was/xafnined 1 
Wollaston iif 1822 aijd believed by bim to be nfeiauic titanium 
but WOhler,in 1849 showed that it contained nitrogen ai 
cyanogen, and,gave fb it the formula Ti{CN)„3TigN,. I 
likewise obtained it artificially 2 by heating a mixture of ferr 
tjfanide qf potassium and titaniwm dioxide in a well-close 
crucible at a teroperativo sufficient t<j melt niqkcl. Titaniui 
cyanonitride can also be prepared by heating tj,whiteness 
mixture of titanium 3ioxide and charcoal in a tube of fjhs carbo 
'in a stream of dry gutregen {Deville and Wohler ) 2 A thir 
method of (Preparation Is to fuse potassium cyanide in the vapou 
of titanium tetmahlorido ^Wohler). It has a specific gravit; 
of D-28, add is attacked only bj a mixture of nitric and hydro 
fluoric acids. When ignited in a current of steam it is decomposts 
as follows: * 

, <ri»CN) J1 3Ji l N t + 2011,0 = 2HCN -) TiO, + OHH, + 10H,. 

• . • • • 

Chlorine also decomposes this substance at a red heat, titanium 

tetrachloride anti a volatile sublimate consisting of. a compound 
of titanium tetrachloride and cyanogen chloride being formed. 
lVJjtfh fused with potash ammonia is givfcn off, potassium titanatc 
being produced, 


JJKTK^rioN ami Estimation of Titanium. 

3 ?i Titanium is distinguished Irom tin inasmuch as its oxides 
are not reduced tJ the metallic state when lieutAl on charcoal 
before the blowpipe. With microcosiuic salt titanium dioxide 
yields a colourless bead in the outer flanie, but in*the jjiner 
flame thq benii is yellow whilst hot and assumes a violet co|pur 
on cooling. According to Riley, the delicacy, of ttys ftactioif is 
increased by melting metallic zinc in tbo microcoapiic bead 
heated on charcoal, a distinct coloration being then obtained 
when the zinc is burnt away, even with minute quantities of 
titaniuip. When fused in tho microcosmic bead with addition 
of a small quantity of an iron salt in the reducing flame, a bright- 
red bead is obtained. Titanium compounds do not colour 
the gas-fljiue, but both the spark and the arc spectrum show |n 
enormous npmber of bright lines, chiefly in the blue and green, 
wtich have been carefully mapped by Thaten and Others. 

1 Mil Tran*., l*M, HI, 17. > Annate, 1M0,7*. M; X *1* 

•iMi. ISS7, IBS, $0. 
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Metallic c placed in a hydrochlctrie acid solution of Iftanio 
acid evolves* tyllrogen and the liquid assumes « violet-blue 
colour; a dark adplet precipitate ij formed if tint solution be 
not too dilute, and this gradually tut ns whifs by oxidation. 
*The violet-blue solution when diluted wjtlr wateaawumea a rose- 
colour, and this reaction senws for thedetoction of sma]) quantities 
of titanium, podium yriosulphate wjicn boiled with a nearly 
neutral solution of a titanate precipitates the whole of the titanic 
acid, and this reaction serves as a means of separating titanium 
from iron and the metals of the group. t 
In order to remove silica, when present, the znixtufB is evapora¬ 
ted with hydrofluoric acid, the siliqpn bein^ expelled as sili<$n 
tetra fluoride. 


Titanium is always estimated gravimetrically in the form of 
titanium dioxide,‘this being thrown down from its solutions in 
acids iy ammonia, or by saturating with sulphur dioxido and* 
boiling. Titanium may also be estimated voluinctricalljr* bf 
reducing titanium dioxide to titanium sesquioxide 6 y tnrand of 
zinc in an acid solution and subsequently oxidising with standard 
permanganate. 

Atomic Weight of ^Titanium .—The atomic weight of titanium 
was first determined by Hose 1 in I829ty decomposing Jitawum 
'tetrachloride with water, weighing the titanic*«cid formed and 
estimating the chlorine in the filtrate, the number found bqijg 
47-72. A redetermiuation was modern 1885,by Thoqic , 3 who 
analysed pure titanium tctrachlorido and tetrebrmnide, the 
amount of silver required for complete precipitation of the 
halogen, the amount of silver halide formed, and tbo quantity 
of titanium dioxide yielded by each being ascertained; thq 
avfrage of the results of the six series of experiment gave the 
i«unbei*16-l, which is at present (1922) adopted. 


ZIRCONIUM. Zt = so- 6 . At. No. 40 . 

38 a In 1789 Klaproth found a new earth in the mineral zircon, 
to which he gave the name of zarconia. He discovered in 1795 
that the same earth was contained in hyacinth, a mineral found 
in Ceylon^and he thus ascertained the truth of Werner's previous 
lupposition that these two minerals were identical. Sircon and 
hyacinth possess the formula ZrBiO„ and are more of less coloured 
by ferric oxide. Zirconium is found in a few other rare minerals, 
** §W- Sn»„ 1629, is, ys. ‘Jam. Cktm. Sac., lgfc 17,10S. 




Ab titanium <jbod^' 

and Seen a in appreciable 'quhntities in Norwegian Iraiite, witl 
thoria and «*veral of ( the rare earths. 1 • . 

Tlie metal,zirconium waj first obtained byaBerzelios in tin 
form of an ironqpey potfder by heating potassium zirconofluoridi 
with potassium; The j|etal can also be obtained, according tc 
jfoost, by, passing the vapour of zioconium chloride, Zr€l|, over 
heated sodium. The ignited amurphou^ metallic powder thua ob¬ 
tained is so finely divided that it passes through the gores of filter 
paper, but it assumes a metallic lustre under the burnisher. The 
•amorphous metal maj( alsa be prepared by heating rirconia with 
magnesium'powder, 2 and thus prepared it has a velvet-black 
ap|)«iranco like woed charcoal. 

Wedekind 9 has obtained a rqptal containing 09-09 per cent, 
of zirconium. He heats an intimate mixture of ZrO, and 
calcium shavings in an evacuated iron vessel. ‘When the reaction 
is completod»the contents of the tube are treated successively 
with\ater k <icetic acid, dilute hydrochloric acid, and water, all 
the operations being conducted in absence of air. ' The residual 
powder is then wished with acetone and dried in vacuo at 250 - 
300 ° ; finally, at a temperature of 800 - 1000 °, the powder sinters, 
bujdpcs not melt; it exhibits a minor-like brilliancy on polishing. 
Zirconium of 991 per Ant. purity has beei^ obtained by the 
action of sodium on potassium zirconofluotide by the same method* 
W,that deaeribed for titanium (qx.). 

Crystal Used zitponium gas firet obtained by heating potassium 
zirconotluoride with aluminium at the temperature of melting 
iron; it is, howcvfr, best prepared by heating zftconia in the 
electric furnuce with an insufficient quantity of carbon for its 
. complete reduction, and is thus obtained as a metallic button 
containing some zirconia but free from carbon and nitrogen.Mt 
may also bo obtained by heating the carbide with zircfaia in«a 
similar manner' 5 or by heating potassium zirconofluoride with 
magnesium in the electric furnace.* * 

Crystallised zirconium forms broad, apparently* monoclinic, 

1 phipejn, Chn h , Hem, 1880 , 73, 145 . See olio Maiden sod Rich. Bur. Mnm 
Bull., ltd, 1W 

•Fhipano, Cimpl. mi., 1805, 41, 748; Chau. Kan, 1808, U, 110; U'inkicr, 
Bn., 1800.08.2004. 

* ^moles, 1013, 800. 140; compare siio Weiee snd Neumann: Ztil nan. 

1910, 85, 248. 

•PodSKia, Ztil. marf. Chau., 1017, M, 123. See also Harden and Rich, 
J. Ad. Xnpt Chau.. I WO, U, 851. 

» Uotai, Compt. nfi.. 1803,114,1222; Tiooat, iM„ 1428. 

* Wedeklnd.'Jfert, KUMtu.. 1004,10. 331. r 
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plates, li&a Specific gravity of 408 at 15°,' and “ har<l enough 
to scratch glass 8 nd rubies. It is only vejy slowly oxidised in 
the air even at a white heat, but bonjs in the oxy-b^drogen flame, 
and yields the tetrachloride when hehted to,dull redness in 
chlorine or hydrogen chloride. It is idso dissolved by caustic 
potash with evolution of hydrogen. It is only slowly attacked 
by acids, witfc the exertion of hydrofluoric, even on heating, 
but is rapids oxidised by aqua regia. The amorphous metal 
readily dikes Are in the air on wanning. 


ZIRCONIUM COJtPOUlJDS. 

383 Zirconium Oxide or Zirqpnia, ZrO,.~In order* to prepare 
this oxide zircon is ignited and then quenched in water. The 
powdered mineral is mixed with three to four times its weight 
of acid potassium fluoride, and gently heated ift a platinum' 
vessel until all moisture has been driven off. Tlje platinum 
crucible is then placed in a Hessian one, and both are well covered 
and exposed foiftwo hours to the strongest heatnf a wind furnace. 
The pojcelain-like mass thus obtained is boiled with water 
containing hydrofludric*acid, and the insoluble potassiumwjjjco- 
^fluoride filtered 0 ®. On cooling the solution, ci^stals of pptaiwium 
zircynofluoride are dcprfcitcd, and these are purified by recrystal- 
lisatiop. The pure salt is then heated with sulphuric acid uytfl 
all^he hydrofluoric acid is driven off^the residue is dissolved in 
water, and the zirconia precipitated in the cold by ammoniq.* 

In ordor tfl avoid the use ol hydrofluoric %cid, the very finely 
powdered zircon may be treated as follows. It is first fused 
with hydlogen potassium sulphate and the fused mass repeatedly 
byjled out with water containing sulphuric acid, whqp a residue 
<3f basifc ^rconijim sulphate, 4Zrt) f ,3SO„14H|0, is obtained, 
which is next fused with caustic soda in a silver basin. This is 
then lixiviated with water, the residual zirconia, which contains 
soda, washed with hot water and dissolvod in hot concentrated 
sulphuric acid, the solution filtered and precipitated with 
ammonia.* The precipitate thus obtained consists of zirconium 
hydroxide, which readily parts with its water on heating. When 
heated at 140-200° it has the composition ZrO,,1^0, and is 
Known as rirconic add. A hydrated oxide containing lea water 
than this is (Attained by repeatedly boiling zirconium oxychliyide 

' Jteyw, ] 899, a. 783. • Homberpr, *mabx. 1870, 181, JSJ. 

•fxm. Be., 1870 , 1 , 48 . • *- 
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with frater and (Jjying the precipitate at 100°; this W Wfen called 
metazircoDic 1 acid. 1 ( According to van Bemn!elei^ , however, 
these Kubstaqces arc probably not true hydroxides, bnt colloidal 
zirconia, contaiqiog water in the form of a hydrogel. The 
hydroxide is slightly soluble in water, and colours yellow turmeric 
paper browL When precipitated aod washed in the cold, it is 
easily soluble in dilute acids; if, howevej, it be precipitated from 
a hot solution, or washed with boiling water, it is soluble only in 
concentrated acids. When heated to incipient redness ft is con¬ 
verted into zirconia wjth evolution of heat. The oxide thus ob¬ 
tained has the specific gravity 9 5-489, and is only slightly soluble 
evf »in hydrofliloriaacid, but dissolves on heating in a mixture of 
two ]iarts of sulphuric acid and ope part of water. An hydroxide 
of the formula Zr,0,(OH) 7 , which gives rise to a chloride, 
^ 0 , 04 , 2211 , 0 , and a sulphate, ZrjOjfSO.Ij'zHjO,, has been 
described by {{odd. 1 • 

• Zirconia can be obtained in the crystalline state in the form 
of tetragonal prisms isomurphous with caasiterite and rutile 
and having a specific gravity of 5-71.* For this purpose, the 
amorphous oxide is fused with borax in a porcelain furnace, the 
fus(jdenwiduc being boiled out with sulphurte acid. 

Pure firconia melts at MOO", and the fused product hasa specific 
gravity 5-89. dV linear coefficient of expansion is 0-00000084,' 
nearly tlie same as that of fused rjuartz. 

Zirconia is employed ii\ tile preparation of rods for the Nernst 
electric lamp. Crucibles, etc., con be made by mixing zirconia 
with 10 per cent. *>f magnesia. Crucibles made "from zirconia 
mixed with 1-3 per cent, of yttria 1 do not soften until 2400°. 
■Platinum can be melted in such crucibles with the oxy-bydrogen 
flame. Qjiartz can also be melted without destroying ‘the 
crucible. 7 

Zirconia, like the dioxides of the other metals of this group, 
acta ns an acid-forming oxide, and yields salts corresponding to 
the metasilicates and metatitanatea. 

Sodiunt Zirconote, NajZrO,, obtained by fusing the oxide 
with sodium carbonate, forms a crystalline mass which is de- 

‘ Rum. ZiL siwj. Ckrm., 190S.«, 3S3. 

V'|«- anwy. i., 1900, 49, I2a. 

* Vtaalito «nd BcUon, J. Amr. Ckem. 8oc. t 18M, £0. 273. 

« Jain. Chtm. 8oc„ 1917. 111. 398. 

■JJnrdenaktold, Pugg. .■)»«., 1881, 114, SIS. 

• RuS and Jmuachke, fed. anorg. Ckem., 1918, 97. 73. 

’ «}ia» and Lehmann, Zeit, men. Ckm.. 1909 HL 17« 
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composed by water with separation of zireonia. When Seated 
, with an cxceJb of*odhmi carbonate to whitencss’the.salt Na 4 Zr0 4 
is produced. is again decomposed by Vatcr with formation 
of hexagonal tablets having the composition Na t Zr 4 < 0 17 ,12H,0 = 
tfa,0.8Zr0„12Hj0. *' • 

Zirconium Sesqnioxide, 1 Tjfi# is prepared as a green powder 
by the combustion of zirconium hydride. On ignitidh in air, it 
is converted into the diSxide. * 

1 ZirconiuhPeroxide, Zr,0 5 ,flII,0, is obtained as a white powder 
when hydrogen peroxide is added to a solution of zirconium 
sulphate. Under certain conditions a^ydAted oxide. ZrO„5H,4C 
is formed, 1 and this when treated with excess of hydrogen peroxide 
and an .alkali hydroxide is stated \o form*the ullgali salts*of 
ptrzirconicacid* II 4 Zr,O n . ' * 

Zirconium anil Hydrogen. —When zirennin is heated with 
mogngsium powder in a current of hydrogen thj latter is a In 
Rorbed, the product containing zirconium hydride, ZrH t , together 
•ith zirconia and pcrha|is a lower oxide* Tho hydride is also 
formed when hydrogen acts on the metal at a red heat. 4 It burns 
in the air to form tbc sesquioxide. 

Zircdhium Fluorine, t Zr¥ t , is obtained by beating zirconia 
with acid ammonium fluoride. Th<y residual muss is *«€aily 
soluble ill water containing liydrofluoric acid' and crystallises in 
glistening, triclinic tablets having the composition ZrF 4 ,3lI,0. 

According to Chauvenct, the hydrate, ZrFj.HHgO, is ready 
Zrt>F,,2HF,2H,0, for on heating t# 140 0 ft’atcr is lost and 
ZrOF a ,2HF Jeft, whilst at higher temperatures the compound 
ZrOF„ is formed.* The anhydrous compound sublimes and forms 
small, highly refractive prisms with a density 4-433. It dissolves 
sightly in water, and when the solution is warmed, zirconiutft 
jfydroijdc is precipitated. It combines with Liquid ammonia 
to form 5ZrFj,2ffIIj. . 

Zirconium fluoride fornis a series of double salts with other, 
fluorides vrbick are isomorphous with the corresponding *eilico¬ 
fluorides, titauifluorides, and stannifluoridcs. . 

Polaisium Zirconojluoridt, K,ZrF 4 , is obtained bf igniting 

1 Wei* ud Neumann, ZtiL unerg. Chrm., 1000, 66 , 248. 

* Bailey, Jottm. C'futn. 8oc„ 1888, 49, 481. 

1 Piiwrjewiky, J. Hu*.*. Fhys. Vktm. Soe m 1000, 32, 609. 

• Winkler, Bcr. t 1891, M, 688. . 

1 Wedekind, Ann., 1913, 305, 149; We we Aurl Neumann, Zci'f. anorg. fhe 
1910, W.S48. * 

*Comft. mi. 1917, 154. 727. 
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iircoj*with acid potassium fluoride or by pouring a solution of 
potassium flijorifle into an excess of rirconium t flnrfide solution. 
It crystallise* in ss&all, acute, rhombic prises, and dissolve* 
at 2° in 128, It 15° in 71, and at 100° in 4 parts of water. 

When zircaniufn hydroxide is dissolved in the smallest quantity 
ohhydtofluoric acid andihe liquid is poured into a concentrated 
solution of neutral potassium fluoride, the salt K,ZrF ( ,KF is 
precipitated, and crystallises from boiliAg water in fine needles. 

If sodium fluoride and zirconium fluoride are mixed in any 
proportion, the salt Na,ZrF„4NaF is produced. It forms small, 
rsonoelinic qrystals wffich dissolve in 258 parts of water at 18°, 
and at 100° in about CO parts of water. 

Ammonium salts, corresponding to the salts of potassium, and 
Dther double fluorides, 1 are knowii. 

Zirconium Chloride, Zr<1 4 , is obtained by passing chlorine gas 
jver a beatet^mixture of zirconk and charcoal, by the action of 
rhloriio or hydrogen chloride on the heated metal, when it is 
ibtiined as a white, crystalline sublimate by heating the dioxide 
with phosphorus jwntachloridc at 190° in a eeqlcd tube, and 
rest of all by hcatiug the dioxide in a stream of chlorine and 
arbon tctrachloriilc at 800". It may J>e rccrystallicsd from 
lydtechloric acid, but it 4 ia doubtful whether it has ever been 
btained* in this* way free from the oyyebldride. Zirconium 1 
chloride forms with ammonia the compounds * Zr€l t ,8NH, and 
ZfCI,,3NH 3 . On addition of water to the chloride heat is evolved, 
and zirconium o-fychloridt, ZrOCl,, is formed, which rcimfms 
dissoWed in the scii^solution. The mime compound is obtained 
by dissolving zirconium hydroxide in dilute hydrochloric 
acid, and on cvajsinition crystallises out in prisniatia needles 
Belonging to the tetragonal system, and having the composition 
ZtOCIj.Slljf).* These are readily soluble in water, hftve a'j) 
astringent taste,, and when heated to 50° lose wateV, forming 
.more basic oxychlorides, whilst by treatment with concentrated 
hydrochloric acid crystals of ZrOCl,,6H,0 and ZiOCI^3H,0 
have been obtained 4 , 

Zirconium Bromide, ZrBr,, is prepared in a similar way to the 
chloride, and lorms a white, crystalline powder which is easily 

1 See xleo Welle Mil Foote, ZA aaocj. Citm.. 1895, It, 4M; A nut, J. Bci., 
1897, g, «l. e a 

• fluster end I^ak, Bo., IMS, 88.8811. Compere Meitfceire,/. Amo. Chon. 

Soc.. 8898, Kk 818. 4 

• WeUwtJ, 6o., 1887, 28, 1394. 

• Yeneklo end pwierftBe, J. Amo, CW See., 18*8, R. *21. 
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volatitigsd at the temperature of the gag fcpe. In raetact 
with moist silt jrvwater it forms a return oxybromide, ZrOBr* 
which crystallise^ in needles, and may slso be Jirepared by 
evaporating a solution of the hydroxide in by&robromic acid, 
Vhen Zr0Br t ,8H J 0 separates out 1 With ammljjiii,* zirconium 
bromide gives the compound ^Br^NII) atid ZrBr,.jONH,. ‘A 
number of oxy^romides gf the same tyflps as the oxychlorides sre 
known. 

* ZircmiuiS Iodide, Zrl,, is obtained by pAsing hydrogen iodide 
over zirconium or the carbide at 4 bqght^red heat According 
to Dennis and Spencer, 1 it is a white, crystalline body which is 
insoluble in water and acids; Staler ani I>nk, 4 howavjr, 
state that it dissolves in water and acids, the aqueous solution 
depositing colourless crystals of the axyiodule, Zr01 a ,dH,0. 

Zirconium Sulphide. When metallic zirconium and sulphur 
are heated together in a current of hydrogen they combine with • 
evolution of heat to form a cinnamon-brown powder, flricb 
aAumes a metallic lustre under the burnisher. This is not It- 
tacked by mOBtsif the dilute acids, but dissolve* slowly in aqua 
regia and readily in hydrofluoric acid. When fused with potash, 
zirconia hnd potassium julphidc are formed. , 

Zirconium Sulphate, Zr(S0 4 ) t , i* obtained by dissolving The 
%tide or hydroxitfe in sulphuric acid, evaporatthg, and Seating 
nearfy to redness. It is a white mass which dissolves slowW 
but completely in cold, and quickly m hot vjater. Hydrated 
crystal* are obtained by concentrating a aolution which contains 
free acid, andi these swell up on beating, like alum. The 'sal 
decomposes at a red heat, leaving a residue of pure zirconia 
The behaviour of zirconium sulphate in solution 5 is best repre 
sen (fed by the formula (ZK))S0 4 ,II f S0 4 , whilst the crystalline 
h^Sratedk salt is (Zr0)80 1 ,H 1 S0 4 ,3H 1 0, and not Zr(S0 4 )„4H,0 
as was formerly‘thought. If ita solution be Saturated with 
zirconiuifl hydroxide a basic salt, Zr(S0 4 )„ZiO, or (ZrOJSQ,, it 
formed, and this is obtained on evaporation as a hydrated mass. 
If the normal salt be precipitated with alcohol an insolable salt, 
Zr(S0 4 ) v 2ZrO t is thrown down. A large number oP similar 

1 Ronnfceim and Frank. Bn.. 1907. ID. 803. 

'MaUhsin, J. Anwr. Ckcm. 3oc., 1888, 20, 838 1 SUW.r ind Dank, Bn,, 
1*8,58.2*11. 

* J.Amtr. Cktm. See., 1898,18, 873. 

* Btr„ 1908 , 87 , 1137 . 

* Sow, ZtU. awry. Oct., IBM, «. 117; Rnr and Urln, Hi., 1908, 
48.4® !■ Roarokalm and Frank. Bn- Itert.m an. 
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basitf' sulphates, havo been described by ChauveBkt 1 and 
Rodd* • •, 

Zirconmn and Nitrogen.—The nitride, Zr,?t, is obtained by 
heating zirconium chldride to redness in a current of dry 
ammonia, 3 also bjj heating zirconia and magnesium in & 
kfosely-covorcd crucible. 4 It is a, brownish-green, crystalline 
powder which oxidises \jith incandescascc when^ gently heated 
in air (Wedekind). A nitride of the formula Zr,N B is formed 
when the compound ZrCl 4 ,8NH, is heated to redoes i» nitrogen 0 
^Matthews). Brudrc ^nd/Jhauvenct* are unable to obtain the 
compound KfjN,, but olways obtain Z 3 N 4 , on heating ammonia 
derivatives of Zirconium ctyoride. 

Zirami'An Nitrate, Zr(N0 3 ) 4 , is obtained as a yellow, gummy 
mass hy dissolving the hydroxide in nitric acid and evaporating 
at a moderate heat. If the solution be evaporated in vacuo 


»over calls!ic«sodiv and phosphorus pentoxide, extremely«hygro- 
•cojJc crystals of Zr(N0 3 ) 4 ,5IJ/.) separate out.* The existence 
of*normul zirconium nitrate has been questioned by ChauveneV, 1 
who finds that «tbo concentration of a solution of this salt 
always leads to tlio lass of nitric acid and tho separation of 
tlm basic salts, ZrO(NOj),,2fl s O, at cmlinaty temperatures, and 
ZrU(N0 3 ) 3l 3-5lf.<), at temperatures below 10°. A number of 
other liasic nit<*tcs also exist. * 1 

,,Zirconium Boride, Zr 3 J) 4 , has been prepared by heating in tho 
electric furnace j mixture of zirconium and Won; * it forms a 
steel-grey mass, consisting of microscopic crystals, and has the 
specific gravity 3-7* 

Zirconium Carbides.— Zirconium combines with carbon to 
form two carbides having the composition ZrC, «and ZiC. 
Tho dianfyitle is obtained by heating zirconia with an exceA of 
carbon in the electric furnace and has a metallic appearance 
and brilliant frticturc, and is not decomposed *by w£ter even on 
heading. Tho monocarbide is prepared in a similar maftner, but 
the mixture of zirconia and carbon is placed in a*carbon tube 
closed a# one end, which is then heated in the electric furnace. 


V 


1 Co»pl. rout., 1017,184. R64, 048; 188, 20; 1318,167.24,126. 

* Join. Set.. 1017, Ul, 390. 

* H^Uhsws, J. Amtr. CSiui. Sat., 1898, 20, 8*0. 

• Wedekind, Ztit. as orp. Cktr., 1905,45,385. 

» Compt. rend, 1918,117, 201. 

• Rwenheim and Frank, Bo., 1907, <8, 803. 

* Cbaavenet «#d Nkxdle, Cvr.pl. rend., 1918,188, 781, S21. 

• Tuckjr and Moody, Jmm. Chat. Sot., J 902,O, 14. 
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It has a Jrey colour and metallic lustre, and is^iard enough to 
scratch quarts.. It is permanent in the aij and is* not decom¬ 
posed by water, hut bums brilliantly^in oxygen . 1 p 

Zirconium Siliciit, ZrSi,.—This confound jt obtained by 
Seating a mixture of potassium rireiyiofluoride, 'aluminium, 
sulphur, and sand, the whale being covered with y layer of 
magnesium poyder . 1 Informs small igeel-grey crystals having 
the specific gravity 4-88 at 22 “. 

SitxcalA of Zirconium.—Of these, zircon*or hyacinth, ZrSi0 4 , 
is the most important. It occurs in csystyllino rocks, especially* 
In granular limestone, schist, gneiss, syenite, and gAnite. The 
thief localities arc in alluvial sands in£eylon, ■ 

:he Urals, in the Isle of Harris, yi (Jreeniand, 
n the gold districts of Australia, and in many 
llacesin North AAcrica. Zircon crystallises 
n tetragonal prisms and pyramids (Fig. 182), 
living nn adamantine lust re; t hey are colour- 
ess in the pure state. Usually, however, 
zircon is coloured red nr yellow by ferric 
oxide. The colourless and smoke-coloured 
varieties are termed 1 jargon. This variety 

^xlnbitsapcculia^absorptionspeotrumyfrojn ^ y, 0 . 1 S 2 . 

whicji Sorby concludcdnhat it contained a *• 
new element; to tliis he gave the name of jargonium, but sub; 
seq^cntly ho found that these lines wejp caus«J by the presence 
of uranium oxide. An artificial jargon yielded a similar 
spectrum, thftugh neither uranium nor ziitonium compounds 
do so.* 

• 

• Detection and Estimation ok Zirconium. 

• • 

*384 Tnc joactiyns of the zirconium salts are ^very similat to 
those of the metals contained in cerite and gadolinite. A re¬ 
action of zirjonium by which it is distinguished from the cerium 
metals is the formation of a basic potassium zirconium sulphate, 
insoluble in water and hydrochloric acid. This salt is'ybtained 
by adding a hot solution of potassium sulphate to a concentrated 
solution of a zirconium salt. This reaction also serves to 
qyparate zirconium from titanium, tantalum, and cylumbium. 
Another method of separating zirconium from the petals of the 

» Moimm, Com*, rend., JSB3,1U, 1H2; 1BW, 128, Wt. 

• Hfinigscbmid, Com*, mi., 1906,148, !J4» 

* Pm No*, law. n. 73. 
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ceriAn and j rop groups is to boil the solution witR sodium 
thiosulphate when ^rconium alone is precipitated as the thiosul¬ 
phate; this ju washing and heating leaves a residue of zirconia. 

Titanic acid.jnd thdria arc also precipitated together wit^ 
the zirconia sodium Jhiosulphate. In order to separate these, 
ammoniurq oxalate is added to the hydrochloric acid solution, 
when the tboria is throw# down. Amiyonium c^bonate is now 
added to the filtered liquid, when, in the presence gfjthe oxalate^ 
only titanic acid is p*recipitated, the zirconia remaining in solu¬ 
tion (Hermann). Zirconium can readily be separated from iron, 
titanium, ctfc., by means of hydrogen peroxide; this precipitates 
it.qaantitotivofy fwrni solutions of the sulphate as the hydrated 
peroxido (Bailey). 

The spectrum of zirconium has oeen mapped by Tbalen, and 
contains characteristic linos in the red and b)Se. 

Atomic Wou/ht of Zirconium— The first accurate determina¬ 
tion^ the atomic weight of zirconium was that of Marignac, 1 w|jo 
trim tho analysis of potassium zirconofluoride obtained the 
number 9003. Hailey, 1 from tho weight of zircntiia yielded by a 
known quantity of pure zirconium sulphate, found th^ number 
KHU, whilst Venables* who estimatedth# zirconia obtained by 
bealing^the o*yrhloride,<!rOCI g ,3H t O, found {be number 90-78. 
A more recent determination made by tlte nephelometric mghod 
(fjm the ratio i Ag : Zri'l, gives the value 91-78. 4 The atomic 
weight now (1923) ndoptgl is 90-6. 


HAFNIUM. At. No. 7a. 

t Thomsen in 1895 snd Bury 6 in 1921 suggested on* chemical 
grounds l^iat the missing clement immediately preceding 5pi- 
talum in the periodic system should be a tctravalen^htfmologde 
of airconium. Uohr has drawn the same conclusion from his 
theojy of atoinic structure (p. 79). These views have now' 
received considerable confirmation from the recently reported 
discoven* by Coster aud Hevesy* using the method of X-ray 
spectroeoopy (p. 72), of a new elenient, of atoinic number 72, 
in numerous zirconium minerals, in one of which it appears to 
be present to the extent of at leaab 1 per cent, “ It seems tj 

‘ Ana. GUm,tH*. 1M0. PI», 257. 

■ (Pr*. Ron. Sot.. 1S90, M, 74, * /. Am.Cim. 3&.. 1*88,00,119. 

• YusM*a sad Bell, A Am. Chem. So r, 1017,09,1598. 

• J. Am. CKta. Sic.. 1W1,43,160!. 

■ Nolan, 1033, US. 79. 
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be very probable that ordinary zirconium contains at feast 
from 0-01 to 0-1 Jer cent, of the new dement. Especially the 
latter circumstance proves that the, element 72 is chemically 
homologous to zirconium. Experiments are in progress to isolate 
tie new element and to determine its chemical properties. For 
the new element we propose the name Hafnium fflafni® = 
Copenhagen).”* 

# The aton>iC|Weight of this element may J>e expected to be in 
the neighbourhood of 178. 

This discovery throws doubt on the claim of Urbain’B rarej* 
earth element, Coltium (p. 829), to the position *12, though 
Dauvillier 1 has recently supported* this cMnt by mean# «f 
X-ray spectroscopy. 

THORIUM. At. No. 90 . 

38 $ In the year 1815 Berzelius believed that he had fourfS in, 
seteral Swedish minerals a Jiew earth to which h<? gave the 
name of thoria, (jut on further examination the |ub»tance turned 
out to bo basic phosphate of yttrium. On the other hand, in 
1828, 5 he'discovered a,dijtinct earth in a mineral from the inland 
of Lovon, in Norway, now termed thorite, and to this the ndffie 
•f thoria was giveh, as it agreed in many of it^jropcrtfts with 
the Substance previously so named. Besides being found in 
thorite* this substance was discovered in other rare minerals; 
thu^by Wiihler in pyrochlor, by Bergmfn and others in orangite, 
and by Karcten in monazite, a phosphate of cerium and 
lanthanum which contains 4-18 per cent, of thoria. Another 
source of thoria is the mineral cuxinite from Arendal, in which 
this* earth was discovered by Mosandor and Chydenius, and 
it'&as also been found in Norwegian granite,* Mor£ recently 
it has been *discoVered in a mineral callod thorianite occurring 
in Ceylont which contains 70-80 per cent, of thoria, along with 
11-15 per ceat. (UO, + UO,), 2-3 per cent, of lead, and varying 
amounts of metals of the cerium and ytterbium group and SiO, 
and CaO . 4 It also contains helium, and when heated to^edness 
evolves 9 c.c. of this gas per 1 gram . 4 

2 Conpl. mi., IJJS, 171 1347 

’ Pan- -<«»■■ ie». 16 .3ss. 

• Phlpuno, Chou. .Vm, 1896,78. I4S. 

• Duiitn, Malm, 1804, 16, SIO; Dnmtsa sari Bisks, Pror. Bay. Bat., 
190SJ8, Ml 243; Dawtsn sod Jane*. Pnt. Bo, 80 c, W06, 77, Ml 546. 

• Rsapsy, /. »«.«jw. IMS, 8, 817. 
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ite Mowing table gives the composition of soml of these 


minerals. 1 , 




Thorliadrom 



• Montiito from 

Luvon.*, 

Thnrianito. 

Itmcogebirge. 

SiO, 1*31 , 

ThOj 

78-86 

PjOj 28-60 

ThO. 68-91 

UO, 

J3-03 

ThO, 17-95 

U0, 1-64 

,UO a 

tKT^ 

SnO, 2-10 

KejO, 3-46 

OeO* > 


CmO. 26-00 

Mn,Oj 2-43 * 

W>s 

1-02 

Lojfr, *23-40 

CuO 2-C2 % 

Wh J 


MnO 1-86 

MgO • 0-36 

PbO 

2-59 

CaO 1-68 

K,0 016, 

F fi! 0 5 

0-10 


Na t O 0-11 

CaO 

1-13 

101-49 

1 'bO 0-82 

He 

0-39 


8 n0, 0-01 

1V>S 

trace 


Al,Oj .0-06 

lMo1 - in ) 0.00 


( If a O 9-CC 

• . 

UNO, 

j u MU 


99-iy 


99-75 


Thorium occurs also 

in other 

minerals containing the metals 


of tj)o cerium group, as gndolinite und.ortfiitc. In on* of these 
infhrrnle Bahr believed# lie had found another new metal, to 
which ho govg *tho name woaium, lmtjio afterwards convince* 
himself that this substance is identical with thorium * * 

Doubts havo been put forward aa to the individuality of 
thorium, and rfanlcervilfr, 1 from experiments on tho fractional 
distillation of tho#cldoride in a current of chlojiue, concludes 
that it contains two otlicr elements to which he gives the 
4 names berzclium nncl carolinium. The work of other investi¬ 
gators, however, does not confirm this result, but points t# the 
uniform nature of thorium.* 

At tho present time thorium compounds ate prepared on the 
manufacturing scale, as they form the chief constituent of the 
mantles employed for the Weis bach incandescent gas-burner; 
they aro put on the market chiefly in the form of crude thorium 
nitrato*which contains also the nitrates of zirconium and the 
eerite earths. Thorite is the most convenient raw material, 
bat is not found in sufficient quantity, and the crude material 
mostly deployed is the Brazilian or American monazite sold, 

4 See Schilling, Zeil. anftic. Citm^ 1002, IS. 021, whci* a rituml ol lie 
analjeoe iff orangite end thorite U given, 1 Auneln, 1884, IK, 227. 

» BeekerviOe, J. dma. Clm So:., 1901, 23, 781; 1001. 23, 022 ±Btr„ 
1908, S3, 1«4 See ebo Bienaer, Pm. CS m.#M„ 1001,17, «]■ 

• Meyer end Gonpiey, &r.. 1006, 3& 317; Eberhard, Oil, 828. 
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vbich has been formed by disintegration of theeroek con taming 
he mineral monalitc. , j 

Although the jfrocess adopted for.the preparation on a large 
Male of thorium nitrate for the incandescent mantle industry is 
kept secret, the following is a general *utlinc. '•The powdered 
monazite sand either from‘Brazil or Carolina is moderately 
heated with «oncentrated sulphuric ttcid in cast-iron pans. 
}Vhen the ration is finished the partially solidified product is 
dissolved*in cold water. It is important Hint at this stage the 
solution be kept strongly acid, othensiso the phosphates of thj' 
metals will be deposited. The undissolvcd residue* of quartz, 
ferrotitanium, zircon, magnetic oxide«f iron, Ac., is sejxirated by 
decantation. The solution is i*iw fractionally neutralised with 
magnesia. Owing to thorium phosphate being the least soluble 
of the phosphates,'‘the first fraction consists mainly of this. 

The trade phosphate is dissolved in concentrated liydrochjpric 
nqjd, oxalic acid added, when the thorium is precipitated 
oxalate, together with small quantities of cerium and ytterbium 
metals. The washed precipitate is then trfated with warm 
sodium parbonate solution. The thorium goes into solution 
with traces of yttothiftm metals, but tho cerium rermyes 
^mdiasolvcd as tho double carbonafc. By treatment with 
alkalj hydroxide the hydroxide is precipitated, of the oxalate is 
reprccipitated by means of hydrochloric acid. In order to 
remove traces of impurities the oxalate *>r hydroxide is converted 
into sulphate with sulphuric acid and the sulphate purifiod by 
being several times rcciystallised, the Alt Th(SO,) 1 ,8If i O 
crystallising out. In order to prepare the nitrate this salt is 
boiled with smmonia, by which means the hydroxide is produced. 
This is well washed, and dissolved in nitric acid. The solution 
is*evaporatqd to cjryncss, and heated on the water-bath until on 
ignition it is found to contain 48 to 4D per cent, of ThO,, 
representing the nitrate with practically 4ff,0.* • 

Metallic thorium is obtained by heating potassium thorium 
chloride with sodium in an iron cylinder. Thus prepared, it 
forms microscopic hexagonal tablets, haring the colour of nickel, 
and giving a silver-white streak. It has also bean prepared 
bj- the action of sodium vapour on the vapour of certayt volatile 
organic compounds of thorium such as the acetylacetonate.' 


1 Boehm, i ,/icmuau Industrie, ivoa, B, -No*. 17- M; Dieoeldorfl, Aid., 

iwMn&tn. 

1 Siemens fcdflelaie, German Pa toot, 1339J9, I BOO. See sleo Holman 
ami HSaigachmid. Ann. Chi*. Mtm- l»0fc fSV*. 1*S. 
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According to eon Bolton, 1 thorium melt* at 145$’, whilst 
Wartenberg/ give* §1700° a* the melting point. At ordinary 
temperature* the specific .beat is 0-02787. has a specific 
gravity of IJ-O'fNilson), and 11-32, but after heating and rolling 
12-16 (v. Bolton), and takes fire when heated in the air, burning 
with a bright flame; it dissolves With difficulty in hydrochloric 
acid, and is not attacWfed by aqucoic alkalis, abut is readily 
soluble in aqua regia^ 1 with nitric acid it first diqjqjves rapidly, 
but soon becomes passive. At 450° thorium combines with 
% jhlorine, bromine, iodine* and sulphur, with incandescence; at 
650° it combines with hydrogen and nitrogen respectively to 
for/h tho hydride Snd nitride. Thorium is slightly more electro¬ 
positive than magnesium, it forms alloys with copper, aluminium, 
zirconium, tungsten, and nickel. In the cose of nickel an inter- 
metallic compound, Th,Ni, has been isolated. "Thorium possesses 
' ihajiroport/ of radioactivity, and this will be discussed in the 
"olpptor erv this subject. 

• 

COMPOUNDS OF THORIUM. 

Thorium Dioxide or Thor in, ThOj, it obtained from thorite 
or orangite by, heating* the powdered mineral with a slighj 
excess of sulpTiuric acid and a little Ater; the dried mpss is 
powdered, heated to n-movc excess of sulphuric acid, snd the 
residue carefu]ly*tlinsolv(»l in six to seven purls of ice-cold v^iter. 
The solution is filtered from silica, and heated to the boiling 
point with ammonia. The precipitated hydroxides*are washed by 
decantation, dissolved in hydrochloric acid and precipitated with 
oxalic acid, the precipitate welt washed by decantation, and 
ignited. *Tlio tlioria thus obtained still contains ceria, yttia, 
and a little inpnganose. To obtain pure thqria tty) product? is 
again dissolved in sulphuric acid, the excess of sulphuric acid 
removed by careful heating, the powdered salt di^tolved in ice- 
cold water, and the temperature of the solution allowed to rise 
gradually to 20°, A hydrated sulphate of thorium then separ¬ 
ates out as an insoluble precipitate, the other metals remaining 
in solution, and by repeating the process several times the 
thorium sulphate may be obtained perfectly pure. It is thgn 
precipitate^ by ammonia and the hydroxide thus obtained 
igfiited. 1 , * 

1 tail EUtndum., 1908, 14, 809, • Ibid., 1908. U, SC 

* Nitwo, Btr.. 1882. M, 2419, 2537; 1883.1 1, 1SS. 

• KrttM uA NUmq. Btr., 1887,99,1464, 
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• . • 
Pure th&ia is a snow-white powder, which may be obtained 
in tetragonal crystals, isomorphoua with tjiose of.casaiterite 
and rutile, by heating the amorphous powder wit£ borax in 
a porcelain furnace. They possess a specific gravity of 10-2, 
tM dissolve in sulphuric acid only on *fcng-ccmtinued boiling. 
As already mentioned, thoria forms the chief constituent of 
{be Welsbach incandescent mantles, tbesother and smaller con¬ 
stituents coi^ijting of more basic oxides, that of ceriun 
being usually employed (see p. 815). 

Meta-thorium Oxide, is obtained by igniting the oxalate, am 
its peculiar deportment with volatile acids explain# the far 
that Bahr believed this to be the oxide of a* n^v metal. «!• 
was considered to be T1i 3 U 6 , buj has been found to liave thi 
empirical formula ThO,, and, according to Wyrouboff anr 
Verneuil, 1 is a poly1ncrincd form of thorium dioxide. If it Ih 
treated with hydrochloric acid or nitric acid no aj»)>Jrent actijjj 
takes place, but if the excess of acid lie evajiorated on tjie wat er 
bath, a brownish, semi-transparent residue is left, and thi? 
dissolves in watcirto form a tmnslucout, opalescent liquid which 
appears milk-white in reflected light, and yields a precipitate 
with acids. Tliis is dife to the fact that the oxide forms aalj| 
with these acids wijhout loss of water, fhd these are soluble in 
■Ater but not in the acids, and arc therefore prwipitated again 
by addition of the acids to the solution. If the solution Ixj 
treat|jl with ammonia and the prccifljtate dyed at 100°, a 
compound having the composition Th,Oj(OU) is obtained and 
this is insoluble in acids. 1 • 

Thorium Peroxide, Th,0,.—This unstable compound is pro¬ 
duced wheR hydrogen peroxide is milled to the sulphate nr 
acetate, and then excess of ammonia added. 1 It jorma a 
gelatinous precipitate which on keeping slowly gives up 
oxygen, being converted into ThO,.* ° 

Thoriunt Hydride, ThH 4 , is obtained by heating thorium to a 
dull red heat m hydrogen. 5 It is not acted upon by water, but 
dissolves in hydrochloric acid with evolution of hydrogen. " When 
heated in air, it decomposes with the evolution of hydrogen. At 
390° it has a dissociation pressure of one atmosphere. 

1 Compt. mi., 1898, 127. W13; Ziit. aa«y. Cken., 1901, 28. JO; An, 
CUm, Pkyi., 1900, [8], 8, 441. bee alio bteveoi, Zetl. aaoro. CA**., 1901, 

87.41. . 

1 Cteta, BvB. SO. Mm., 1874, 81,110. 

* AVronbog and Vemeuit, An Ckim. Pif 1906, (81 g, *" 

‘ PtaarpnkL Ul aafrv. CW, 1902, O, 309. 

' Mijignon and DelAptn*. ConpL mi., 1901,188, 34. 
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^87 Salt* of. Thorium .—The salts of thorium are‘colourless, 
and when joluble possess a strongly astringeift taste. • 

Thorium, Fluoride, Thf 4 , is obtained by the addition of 
hydrofluoric acid or a fluoride to a solution of a thorium salt as 
a gelatinous precipitate which passes into a heavy white powder, 
ThF 4 ,811,0, which loses 4 molecules of water iu a vacuum and 
produces ThF 4 ,4[f,0. «At 110° in a*current flf hydrogen the' 
hydrate, ThF 4 ,2HjO, is formed, whilst at 250° the whole of the 
hydrates yield the basic fluoride, Th(OH)F,.lf f O. *The oxy- 
fluoridc, ThOF„ is fanned when ThF 4 ,4H,0 is heated at 800° in 
a current df hydrogen fluoride, or by ignitiug thorium silicofluoride 
in% current df hydrogen. . The same powder is produced by the 
action of hydrofluoric acid on tfcoria. The anhydrous product is 
obtained by leading hydrogen fluoride over anhydrous thorium 
chloride or bromido heated to .150-400°. 1 * 

^otatsiuA Thorafluoride, KjThF t ,4HjO, is obtained by boiling 
the hydnjrido with potaaainm fluoride and hydrofluoric acid^ in 
tie form of a heavy, black powder. When a solution of the 
chloride is precipitated with acid potassium fluoride the com¬ 
pound KjThFjAThFj.lfjO is thrown down. Other double 
fluorides with potassium fluoride are huutvn, but as tliey are all 
insoluble in wa t tcr and Hydrofluoric acid, it ig uncertain whether 
they are definite compounds or inixtufts.* * 

Thorium Chloride, ThCl 4 .—'This is obtained by heating the 
oxide mixed with carlxyi in a current of chlorine, by hea^ng a 
mixture of tho dioxide and phosphorus pcntachloridc m an 
evacuated tube, by heating the dioxide at a red htnt in a current 
of carbon monoxide and chlorine, Vapour of carbon tetrachloride, 
chlorine and sulphur monochloride, or phosgene, ’It has the 
spooific gravity 4'59, melta at 820° {Moissan and MartinSgn ), 8 
and sublimes iu white, shining tablets, its vapour density bsing 
12-42, corresponding to the above formula.* It d’eliouescea on 
exposure to the air, and ita solution may be obtained by dissolving 
the hydroxide in hydrochloric acid. The anhydrous chloride 
combines readily with ammonia to form a series of compounds 
with 4, 6 ,7,12, and 18 molecules of ammonia. These compounds 
are all formed by the direct action of either gaseous or liquid 
ammonia on the anhydrous chloride and on keeping lose ammonia 
and form the compound ThCl^NH,. This latter compound is 
stable up lo 120°, at 250° it is converted into *he Utra-amide, 

1 Ctunvonet, Compf. Tf*d., 1008, IIS, 180. 

■ Ec^odbeun, S*mUf, md D»vid»ohn, gnorf. 1903, 8^4*1, 

’ CompC md„ 1905, HO, 1610. * 


Th(NHi) 4 ,*ftnd at a red heat into the di-imi&e .,* fhe 

/trongly concentrated solution solidifies to a,fibrous^ crystalline 
mass which on heating emits hydrogen chloride^ It forms 
hydrates with 2,4,7,6, and 9 molecules of water, whilst a number 
of oxy- and hydroxy-chlorides have beer* described.* It forms 
with the chlorides of the alkali metals easily soluble double salts, 
as KCI,2ThCI t .l£H,0, 

Thorium forms a bromide and an iodide which are similar in 
fftcir behaviour to the chloride. * 

Thorium Sulphide, ThS,.—The metnUburps in sulphur vapour 
with great brilliancy, forming a yellow powder wbich'cxbibits a 
metallic lustre under the burnisher, and has pspbtAly the abavy 
composition (Berzelius). It has ( hcen prepared pure by passing 
dried hydrogen sulphide over thorium sulphate at a low red 
heat. It is a yellow powder which inflames spontaneously in 
the ai* s When carbon disulphide va|K>ur is passed over, 
thorium dioxide heated to redness it yields the oxytulphiae, 
Thf)8, as a light browu substance.* • 

Thorium Sulphate, Th(SOj a , is obtained by dissolving the oxide 
in hot concentrated sulphuric acid, or by rubbing up powdered 
thorite or ornngito to v. paste with sulphuric acid, and heatiryj 
the mixture to 600° until all the cxStss of sulphuric acid is 
Aiven off. Tho mass ri then treated with cokl water and 
boilerf; a crystalline precipitate remains, and this may by t 
purified by repeated solution in cold waiter an<J rcprocipitation 
by boiling, If the solution be allowed to evajKirate at the 
ordinary temperature, transparent monocfinic crystals of 
TtySO^SH/) are deposited, whereas above 43° a hydrate 
with 4H,0<is formed. Other hydrates with 2, 6, and 8 molecules 
of Wtter are known, 5 Thorium sulphate forma double qplta with 
thfc sulpliates of the alkali metals; Th(S0,),,2K,80,,2lf s 0 
crystallises in regular prisms, which aro easily sdluble in water 
but do nof dissolve in a solution of potassium sulphate. Thorium 
sulphate forufe a number of basic sulphates, and combines with 
pyridine, quinoline, phenylhydrazine, and dicthylaniino*to form 
well crystallised derivatives. 

' Chauvenet, Ctmpt. tend., 1910, lfil. 387; -4»». Chim. Wju., 1011, fS), 

*V«- 

' Rnaonheim awl Scliilliog, Bet., 1900, H, 977; Rosenheim, Samler, ami 
Davidenbo, Ztil. apw*. Ckem., 1903, 35. 434; Krtlaa, iW„ 1897,14,301. s 

* Hauer, Zol. a»<*y. Ckem., 1907, fit, 74. Compare abo Lhiboli, ConpL 
read., J908,146, 818. 

1 KiOap. ZetL onotf. Ckem., 4894, S. 49. 

1 Rpozaboon, Zert. pkpJrd. Ckem., 1890, 8, 194. 
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thorium and, Nitrogen.—A. nitride, ThjN„ is formld 1 when 
metallic thorium in, heated in a current of dtrogen, and when, 
the carbide^ is heated in^ ammonia or the <di-imide in either 
ammonia or nitrogen,* whilst a nitride of the same composition 
is obtained fy*educing*be dioxide with magnesium or aluminium 
in an atu\opsherc of nitrogen* The latter compound, however, 
differs from the former in that it is no| decompiled by water. 

Thorium Nitrate, Th(N0 3 ) 4 ,12H t 0, is 
tailising io large, defiquewcnt tablets. 

* obtained crystallising with 6H,0 and 5H,0, 4 and many double 
salts with tther nitrates arc known. 4 Complex compounds with 
tyitipyrinc, pjrtidifte, quinylinc, and diethylamine have also been 
prepared. r , 

The phosphate is insoluble both in water and phosphoric acid. 

Thorium Boride*, Thfi 4 and TKH„ have’bccn prepared by 
cheating thoeium dioxide with amorphous boron in the«clectric 
•furitaco* 

' Thorium Carbide, ThC,, is prepared by heatiiTg thoria w*ith 
sugar charcon! ii the electric furnace, and forms# crystalline mass 
which is only slightly affected by concentrated acids but readily 
dissolves in dilute acids and is decomposed by water wfth evolu¬ 
tion of a mixture of methane, ethylene, acetylene, and hydrogen. 1 

Thorium Sijicule, ThSi,, is obtained»by heating a mixture eft 
the doublo fluoride of potassium and thorium, potassium silico- 
fluoride, and powdered ^Juminium at 1200°, or by heating silicon 
with thoria in the olcctnc furnace." It forms tetragonal plate* 
of specific gravity 7-%. • 

Thorium Carbonate*.- No normal metnenrbonate, Tb(C0 3 ),, of 
thorium has been obtained, but the oriko-tarboHalep TbCO,, is 
known, This compound is obtained by treating thoftum 
hydroxide with carbon dioxide uuder a pressure of 30-40 atmo¬ 
spheres. At ordinary pressures a basic carbdhatc, thfOH^CO,, 
is qbtained. When ammonium carbonate solution is*added to 
solution* of thorium salt* precipitates of basic carbonates are 

1 Msfji'non >*) DeWpine, CmpL rrml., 1901, US, 30. 

• OksuceiMt. Aon. Ckim. Phi),.. 1811, (81 88, 42S. 

* Kvlibebflllrr, A*nulrti, 1001,817, 1S8 Compere Metignon end 1* If plot, 
Ann. Ckim. Pkpn.. 10U7, [»110. 130. 

4 Fubao^SrrV. anpev. Chen,.. 1897. 4. 110. 

* Meyer end Jaouhy, fat **cy. Cktm., 1901.87. 349. 

1 Bluet du JiMonnelx, Cempt rtni., 1904,141, 101. a 

’ MoMbi. CompL rtnd., 1898, 128, S73: see tbo Howto end >Wl, dm. 
Cilia. Pkp i„ 1897, PH IS. <27. 

• UdnigHtdoid, CompL ml, 1908,148, 280< 


a very soluple salt crys- 
Nitratcs lav# also been 
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obtained." These dissolve in ezceea of alkali carbonate* *nd 
•yield solutions from which crystalline double carbonates of the 
type 3Na,C0 s Tb|C0,)„12H,0 may, be separated. Thorium 
<yrbonste forma a double carbonate with thallium carbonate of 
the formula Thft'OjIj.SThjCOj. 


DktEltion aA Estimation*of Thorium. 


388 The Compounds of this metal gitc no characteristic 
blowpipe or flame reaction. The ^lkalis and ammonium 
sulphide precipitate from its solutions the hydroxide insoluble 
in excess, and the carbonates give rise to % piecipitate t|f a 
basic carbonate, which dissolves in an excess of the reagent. 
Ammonia produces no precipitate in this solution as it does in 
the corresponding one containing zirconium. Another charac- 
teristic.property of thorium is its reaction with ptfasainra au]^ 
pbate, and esjiecially the fact that the thiosulphate is thrown ddCn, 
fnfln thorium'solutions on addition of potassium tlilbsulplmfc, 
a reaction by why?h this metal may be se(>aratedJrom the metal* 
of the cerium group. In order to separate it from titanium, 
columbiuhi, and tantaluyi, ammonium oxalate is added to the 
solution, when the thorium alone is procipitated; if, however, 
In excess of ammonium oxalate be used the fliprimn bxalatc 
dissofves. Thorium cun be separated from zirconium by throwing^ 
down both metals as oxalates by ammonium oxalate, and then* 
adding an excess of oxalic acid, when the zirconium oxalate, 
dissolves completely, leaving behind the owalatu of thorium. 
Thorium ib estimated as the oxide, obtained by igniting the 
precipitated hydroxide. 


We Alumir. Weight of thorium was determined by several 
chemists without concordant results. Thns Berzelius 1 found 
235-5, and Dclafohtaine 1 229-7 as the mean of several well- 
agreeing *na!yses of the sulphate. Cleve, by the same method, 
obtained thtf number 232-6, whilst analyses of the oxalate 
yielded him the number 232-2. On the other hand, Kriiss 
and Nilgon, by analysing the carefully purified sulphate, Obtained 
as a mean of several consistent experiments,* the number 232-4, 
which is now (1922) adopted. 

• • 

1 Pan- -4*".. 1828, 1*. MS. • -trrl. Sri. pt,p. mal.. 1JS3,18, Ml. 

• Btr., 1887, 1865. Compere Meyer end Cuaipcrz, Her., 1805,88. 8W. 
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389 This clement* «m discovered in 1886 by Vnkler in the 
course of an invcfl^gatsin of a new silver mineral found at 
** Freiberg hi 1886, and termed argyroditc, GeS„4Ag,S. The 
preliminary investigation, led him to suppose that the new 
element would occupy the vacant place between antimony and 
bismuth in the periodic classification, 1 but further examination 
showed that the new clement was tctravslent, and identical 
a. jrith the okasilicon predicted by Mendddev. The close agreement 
• between the predicted properties of the element and ita compounds 
ibd those actually ohserved by Winkler, has' already been 
mentioned (p. 70). • 

Germanium is an extremely rare element: argyroditc and 
jauhelditc, 2 a mineral of similar composition froni Bolivia, 
contain 0—7 per cent.aof the metal, but these are both rate. 
Traces' of germanium have been found in several minerals, par¬ 
ticularly in zinc blendes, the richest source of the element now 
known being rcUirt residues from the smelting of zinc from certain 
localities. It is separated by a process depending on the volatility 
of the tctrachlorich; 100 grams of the impure sins oxide are dis¬ 
solved in 200 c.c. of concentrated hydrochloric acid. On distillation 
in the presence of chlorine,,or some other oxidising agent which 
prevent^ arsenic from volatilising, the distillate which jJjpten 
over between 121° and 140 g contains all the germanium.* « 

Metallic getnmnium is best obtained bjf the reduction of 
geriunuium dioxide with carbon at a full red heat. *Thc serai- 
crystalline regulus is washed with water to remove carbon, and 
fused with a little borax. It is thus obtained as a greyish- 
white, ‘ brittle, lustrous metal, which frequently crystallises in 
octahedra, 4 has a specific gravity of 5-469, melts about 960°, and 
is not markedly volatile at 1350°. It oxidises at a high tempera¬ 
ture, is "insoluble in hydrochloric acid, but dissolves in a^ua 

(• Srr., less, 19. *10. ■ PcIIfield, Amrr. J. Sci., 1*03, (3). 46 , 107. 

* Buchanan, J. Ini. Eng. Chen.. 1917,9. 661. See also Denali and Pspieli, 

J. Amrr. CAjm. So*, 19*1.43. 2131. o 

* SeeKolkmeijer, Pm. K. Akad. WrienKk. HmtUriam, 1931, St, lit. 
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regia, and is converted by nitric acid into tlje dioxide. /It 
•combines directly with the halogens. 

COMPOUNDS OF GERMANIUW. 

390 Germanium forms two oxides, geijnanium jliifeide, GeO„ 
and germanium monoxide, GeO. 

Germanium Qioiide, (JcOj, the mos^ important of these, is 
obtained from argyroditc as follows : the powdered mineral, 
mixed with nitre and potassium carbonate, ta introduced in small 
quantities at a time into a red-hot licsjjjan grucible. On cooling, 
two layers are obtained; the upper one, which contains all thd 1 
germanium, is powdered, extracted.with wjten the solution 
treated with sulphuric acid, and evajiorated to dryness.* The acid 
residue dissolves iu cold water, nut almost all the germanium is 
deposited as oxide tin standing; the remainder is precipitated as 
sulphide and converted into oxide by heating with nitric a citL. 
To purify the crude oxide, it is dissolved in hydrofluoric acid, ani 
potassium flu’oride added; potassium fluogermanate* separates 
out, and is corwcrted into a soluble thin-salt, by fusion with 
potassium carbonate anil sulphur, this being decomposed by 
sulphuric acid, and the germanium precipitated as sulphide with 
sulphuretted hydrogen. The sulphidt, mixed with a little 
Sulphuric acid and heated, yields n mixture sulphide and 
oxide, which is converted into the pure oxide by roasting and 
treating with nitric acid. Thus preparijl, it forms a dense, while 
powder, somewhat soluble ia water, 1 part of the dioxide dis¬ 
solving in 24>1 parts of water at 20'', and ii»95-3 parts at 100°; 
the solution on evaporation deposits microscopic rhombic crystals. 
Germanium dioxide has acid properties, but also dissolves in acids 
it j? readily reduced by carbon, sodium, and magnesiurm 

No germanium hydroxide of definite comiKisition has been 
prepared, but a colloidal hydrate is obtained by decomposing 
an alkalibe solution of the dioxide with carbon dioxide. 

Germane ul Oxide, GeO, is obtained by heating the dioxide 
with a small quantity of magnesium, or by heating the hydroxide; 
it forms a greyish-black powder. The corresponding ifydroxide 
GefOH),, is obtained as a yellow or yellowish-red precipitate 
by the action of alkalis on germanium dichloride or germanium 
Aloroform, and is soluble in excess of the alkali. Hantach 1 
has shown that when this excess is neutralised *with hydro¬ 
chloric acid, some germanous hydroxide remains in’ solution. 

■ ZtiL y/urf. Cktm.. 1902, SO, 289* 
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Ffcro the conductivity of this solution and also of tie alkaline 
solution, and from jneasurementa of the rate * which the alkaline 
solution saponifies ethyl acetate, he concludes that germanous 
hydroxide jn aqueous solution is a weak monobasic acid of the 
same ty|>e*ns, formic jcid, and has the constitution HGcO'Oft, 
whilst in alkaline solution the salt HGcOONa is present. In 
aqueous solution part ofcthe hydroxides also present in the form 
GcfOHjj. ' . 

Girmimium IlydrNe, GeH 4 , is formed when the tArachloride 
is reduced with aodijm %m«lgain. The hydrogen evolved bums 
’•with u bluisli-reil flame which de]N>sits a mirror on a cold porcelain 
Aiif/ucc. A -isinyr nmy ujso be obtained in the same way as in 
ilursh’s arsenic text, ami on hepting in air is converted into the 
white dioxide. The hydrogen evolved as above gives a black 
precipitate with silver nitrate, and this on treatment with nitric 
.jicid gives germanium dioxide. 1 • 

• 'TJermauium Trtmj) nitride, GcK ( , has not been prrpared t in 
the nnliyiTroux state, but large crystnlx containing fiircc molecules 
of water are obtained by concentrating a solution of the dioxide 
in hydrofluoric acid. Jt combines with hydrofluoric acid to 
form JltngcrmaHtr licit), which lias not»b*s.'n prepared pure; its 
pota.isiuni salt. KjMeF,. in prepared by adding, potassium fluoride 
to a solution «fMiv dioxide in hydrnfluitric acid, and forms^hexa- 
jfjonal crystals, iwuunrphoux with thoxe of ammonium silicofluoride 
which are sparingly, soluble in cold, but readily in hot water, 

(Icriiianiim Trlrachlor'ule, (ieCl 4 , is obtained by the direct 
union of gemiuniurt. and chlorine, but is beat preprfred by heating 
the metal or the sulphide with mercuric chloride; it is a thin, 
colourless liquid, which fumes in the air, has a specific gravity 
of 1-887 at 18", and boils- at 80-5".* It is slowly decomposed, by 
water with formation of hydrated germanium dioxide. 

Germanium Cklonform, GeHClj.- When germanium is heated 
in n current, of hydrogen chloride it becomes red h8t, and a 
distillate is obtained which, after exposure to the air, separates 
into two layers. The heavier of these, consists of germanium 
chloroftAm, which is a colourless, fuming liquid, boiling- at 76°. 
The lighter layer is germanium oxychloride, GeOCl,, which is 
also a colourless liquid, but is leas mobile than germanium 


1 VocgrtervZof. anorg. CAim.. 1902. JO. 325 Seestso Pnnjth, MsUtnes,ud 
8oK.nidt-Hfbbfl. Hu.. 1022, SB. [BJ, 778,2818; Haller «nd Smith. J. Amu. 
Chrm. Sot., 1922. It, 1909; 8ch.Dck, Kcc. Imp. chim., 1922,4t 809. 

• Dennis ory) Hsnce, J. Amir. Ckem. So-.. 19J2,44. 299, 
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TIN (Stannum). Sn = 1187. At. No. 50. 

m 

392 This metal was known in early times. It is very uncer¬ 
tain whethe^ the word*' bedil ” in the Old Testament, which ft 
translated by the Greek word naooiupoi, and by the Latin 
ifarmum, was originally, used to designate tin. # It ia likewise 
loubtful whether the metal which the Phoenicians are Baid to 
lave brought from the Cassiterides, the exact locality of which 
was unknown to Hcfodrtfus, was really tin. Possibly the Greek 
word is connected with the Arabic “ kasdir," which signifies tin. 
1 } is, however* cettain that at the beginning of our era the word 
was used*to specify tin, for IJ|iny states that cassileron and 
plumbum.candidvm are the same, and he adds that it is more 
expensive than plumbum nigrum (lead); he moreover states that 
il^crves for soldering the latter metal, and that it is obtained from 
the Cassiterides in the Atlantic Ocean. That the Cassiterides 
rdhlly were the British Islands apjiears more than probable, ior 
after Cmsar'a conquest tin was carried from the Cornish mines 
through Gaul, by way of Marseilles to Italy ; 1 and Diodorus 
Siculus mentions that the inhabitants carry the tin to "a certain 
island called Iktis, lyin^on the coast of Britain. “ During low 
water the intermediate space is left dty, and they then carry 
p.vcr abundance of tin to this place in their carts.” There can 
be little doubt that the Jktis of Diodorus is St. Michael’s Mount, 
in Mount’s Bay, in Cornwall; for up to the present day a cause¬ 
way exists, flooded at high water, but dry at low water, across 
which the inhabitants are in the habit of carrying goods to and 
from tho mainland. The names by which Pliny designates tin 
and lead^ccm, however, to show that he did not consider ft^eso 
as distinct metals, but rather as varieties of one metal, and die 
adds, “ Sequithr naturtc plumbi cujus duo genera, nigrum atque 
candidum." Tho word stannum, which at a later perifld became 
the general designation for tin, also occurs in Pliny's works, 
though it appears certain that by this word he did not signify tin, 
but raflier any mixture of metals which contains lead. In the 
works of the Latin Geber the most important properties of tin 
are mentioned, such as the peculiar crackling sound which the 
metal emits when bent, as well as the fact that it forms briftle 
alloys. Tih was termed Hermes by the early Gieek alchemists, 
but about a.d. 500 it received the name of Zeus or Jupiter, and 
' 0. Smith. Tie Cattitmiu. .London, 1863. , 
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to it the sign ff wasgiven; owing to the above-mentioned property 

of forming brittle alloys it was, however* sometjnea termed 

dtabolui metaRonfin. , t 

. Tin has been found in small quantities in Siberia, .Guiana, and 

Bolivia in the native state, together wifi metallic gold, though 

the metallic tin from the last-named locality may, according to 

Forbes, possibly have &en an artificial product. It Las also 

Jbeen found to#mall tablets in bisnmtliite f join Mexico. 

The chief ore of tin is cassitcrite, or tinstone, a more or lei 
pure form of the dioxide, SnO t . Lest frequently it is found a 
tin pyrites, Cu 4 SnS 4 ,(Fe,Zn), 8 nS|, and occasionally as silicate 
It also occurs in small quantity in certain cpidotes, as well A ii. 
oolumbites, tantalites, and other similar minerals. Various 
mineral waters contain traces of tin, and this metal has also been 
detected in certain meteoric masses. 

393 The Metallurgy of Tin. 1 —Almost all eomnfercial tij**T 
obtained froqj tinstone, which is found in veins traversing the 
older crystalline and schistose rocks, and also as stream tin in 
watcr-wom nodble* amongst tlio detritus of Vie same rocks. 
Tin oro is not, however, very widely distributed, only occurring 
in large quantities in a feV localities. The oldest and best known 
itin mines from which tin 1 ms continuflusly beqi obtained, pro¬ 
bably from the time of the Phmnicians up to the present, are 
those of Cornwall. The ore there occurs iu the granite and a* 
theanietaiuorphic schistose rock, and is foundecspccially rich in 
the killas, a metamorphic day slate, and in the line of junction 
of this with granite. It is found in veins or lodes, in beds or 
flats, and in ramifications of small veins or " stock-werke,” and 
thqpe tin veins usually run in Cornwall in an easterly or westerly' 
direction. The following minerals arc frequently found together 
'rtth tinstone: wolfram, apatite, topaz, mica, tourmaline, arsenical 
pyrites, jtc. 

Tin min^s exist, though on a much smaller scale than in 
Cornwall, in other parts of Eurojie, as in Saxony, Bohemia, 
Russia, Sweden, France, and in the Spanish province oj Galicia. 
Very large deposits of tin ores are, however, found in other 
quarters of the globe. The principal producers of tin ore are, at 
tJie present time, the Malay Peninsula, Bolivia, Jh® Dutch 
Islands ol Banca and Billiton, Australia and Tasmania, Yunnan 
in China, and Nigeria. All these produce more tin,ore than 

‘*6m »ko HttaBurff of Tin. Henry Louie. McCrm*-HlU Book Compuy, 
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Cornwall. Tin* has also been found in Mexico, South Africa, 
Japan, Siaqi and Burma. 

Tin ores uay be smelted in shaft furnace* dir in reverberatory 
urnaces, bgt as the ore* obtained are generally very poor, co%- 
aining only from 1 to « per cent, of tin, preliminary operations 
)f dressing or concentration are always necessary, and as con- 
liderablc losses are experienced in thes! operations, much atten¬ 
tion is being given to the direct treatment of tin-bq>»n)j material, 
ind many suggestions have been put forward. These, however, 
ire not in a sufficiently aiKanoed state to be considered in detail. 

The process adopted in Cornwall for the reduction of the metal 
is if simple one* The ore, after being stamped, is washed to free 
tas much as possible from gangw, and is then roasted in calcining 
furnaces for the purpose of driving off the sulphur and arsenic 
contained in the arsenical and ordinary pyrites, if these be present. 
nX/ic vajuiRrs from these revolving calcining furnaces are led 
nto changers in which the arsenious oxide condenses. The 
mnstruction of an (Island and Hooking's revolving ealciner 
s shown in Fig. 183. This consists of a loiijj cylinder lined 
with firebrick and placed in an inclined jiosition. Thj fire (h) 
^placed nt the lower end (a), whilst the upper end is in con- 
acction ( «rith dumber* ill which the arsenious oxide condenses.. 
The ore is dried on the top of these chambers, which are piade 
)l iron plnte, and then brought by means of the hopper (h) into 
the cylinder, th® roastore falling down into the space.( f). 
This then undergoes a second washing in order to remove the 
ferric oxide and otHhr oxidised materials, and if copper or bismuth 
je present, is treated with dilute sulphuric or hydrochlorio acid 
for it* removal. After these operations the roasted ofe is found 
to contni® from (30 to 70 per cent, of tin. It sometimes happens 
.bat the tin ore is mixed with more or less wolfram, (fe,Mn)W0 4 , 
and as this mineral possesses a high specific gravity it cannot 
be removed from the tin ore by washing. In order to remove 
this impurity, the presence of which in the smelting operations 
would |>fove injurious to the quality of the tin obtained, the 
ore is passed through some form of magnetic separator which 
extracts the wolfram and allows the tinstone to pass on. The 
prepared tin ore, or black tin, is then mixed with one-fifth part 
it* weight of anthracite and the mixture sprinkled with some water 
in erdet to prevent the finely divided ore from being blown by 
the draught into t^e flues. The construction of the reverberatory 
furnace is shown in Figs. 164 e ad 185: Jhe charge igjntrqdilced 






i'lo. m. 


expiration of six hours the reduced metal is tapped and allowed 
to run from the lower part of the hearth through the hole (0 into 
tBfe vessel (g). The impure tin thus obtained if then oast into 
moulds, and the*e are refined by the process of liquation. Jthia 
is effected \>y placing the ingots in another similar reverberatory 
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furnace wtiicli is gradually heated, so that the pare, more easily 
• fusible tin first mflts and runs into a cast-iron vessel (a) placed 
below, whilst the 4esa fusible alloy o{ tin with iron^and arsenic 
remains on the hearth. A fire is placed under the vessel (a) in 
order to keep the metal liquid, and thisas then stirred up with 
a pole of green dense wood. The length of this operation depends 
upon the qpalitg of the mdtal which it is desired to obtain, and may 
Jast from on^tg several hours. The dross which separates during 
the process of refining, and the “ hard-heaS,” or residue which 
remains on the hearth, both of which contain large <y)antities ( 
of tin, are afterwards worked up. In order to prepare grain tin, 
the tin is heated until the metal becomes brittle ahd crystalline; 
it is then broken up by a han^ner, or allowed to f&ll from a 
considerable height. 

The slags formed during the smelting operations generally 
contain sufficient tin to be worth extraction. This ttn may 
as _ prills of metal or in chemical combination. Thj metalta' 
portion is often separated by crushing and waxhiog, or by allowing 
the slag to atnnd«in a molten condition for some hours, when the 
metallic tin settles to the bottom. Slagx containing tin in the 
combined condition are re-smelted with dross and other residuaa 


and strong bases oj high temperatures Ih shaft oj roverbpratory 
lumajes. * • 

394 Separation aj Tin from Tin Scrap, dc .—'Tin is separate^ 
frongtin scrap and tin can waste by means of dry chlorine gas. 
The tin waste is washed in an alkaline bath to remove grease, 
rinsed in watA, then heated in a furnace to Remove solder, and 
then treated in iron cylinders with chlorine, the cylinders being 
kept cool. 1 * The tin chloride thus formed is put on the market, 
an<J*the steel scrap, which contains leas than 01 percent, tin, 
is diydraulicglly pressed into briquettes, and smelted in open- 
hearth furnaces. 

The electrolytic process formerly used, in which sodium hydrate 
waa the electrolyte, proved expensive, as it required highly paid 
labour, expensive electric current, and gave as a prodifjt a tin 
mud of inferior quality, which required further smelting treatment 
to convert it into marketable tin. 

The total amount of tin produced in 1919 was about 113,093 
tons,* 

395 Propatk* and Dies of Ttn—Tin is a whife, Jjrighaly 


' OtL Zat. /. Brrj. <t. Hutt-Wtem, 1909, ft 103. 

# fl Jfmerol Industry, 1910, 28, 6M. 
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lustrous metal,* which melts at 232® (Heycock and" Neville), 
boils undetatmospheric pressure at about 2?70° (Greenwood), 1 « 
and has a specific gravity, at 13° of 7-293 (Matthiessen). Its 
specific heaUs 0-06363 at 0°, 0-05649 at 54°, and 0-05690 at 97-6° 
(Griffiths).* * Its atomi«beat is therefore 6-37—6-76. Its average 
compressibility between 100 and 500 megabars is 0-000,001,7 
(lticliards and Stull).* it is harder tlan lead, Jmt qpfter than • 
gold. It exhibits a fibrous fracture, and when^l^nt emits ^ 
peculiar crackling sound caused by the friction of the Crystalline 
Tin can bit easily rolled or hammered out to foil, and 
rature of IlH)’ 1 it may he drawn into wire, which, how¬ 
ever, poxHcasetfbiit slight tenacity; at 200 " it becomes so brittle 
that it mify be powdered, A sample of Banca tin which was 
exposed at 8t. 1’etersburg to a very low temperature during the 
winter of 1867 -8, fell to granular, crystalline pieces or to a coarse 
fqjgdrr. This alteration is due to the fact that tin, like sulphur, 
‘exists in i^ore than one form, dependent upon the temperatufe, 
the stable form below 18" being the grey powder or “ grey tin.” 
At ordinary temperatures common white tin iifin a metastable 
condition, but tho change to the stable grey tin takes place with. 
(Wtreme slowness. Tile rate of change may. however, be acceler¬ 
ated by, lowcriijg the teiftperaUm*, flic niaxinyim velocity living 
reached at ~60 J . This alteration wasTcmiwn to Aristutte t who 
speaks of tin as “ melting ” when kept at low temperatures.* 

’ Between 18" and.l'J-l' 1 the stable form of tin is tetragonal, whilst 
above this temperature it is rhombic.* If sine be brought into 
a solution of tin cH!oride the metal separates out In the form of 
fine crystalline dendrites, and this deposit, known as the tin-tree 
(Arbor Jovis), was first prepared by Ilsemaun in 1786. When 
tin ia malted and then allowed partially to solidify, the limpid 
portion being ]>oureil off, needlc-shajwd |irismalkj or tabular 
crystals of the metal remain behind. Another mode of obtaining 
crystalline tin is to decompose tin chloride by a weaTr electric 
current, when the metal is deposited in tetragonal prisms and 
pyrami^b, Fine crystals of tin can also be obtained when water 

> /Vi*. Kofi. «*., 1900,88. | J |. 390. 

* Ibii., 1913,88, (.41. M9* 

» Pub. fhr». InM.. n. 1907. , 

* Cuben and van Ryk, IriL p*y«iin/. CSm., 1S09, 30 , SOI; Hanliiigar, 
JlmaUb.. 190k, 29, 787: Cohen. Zcil. fbfibul. Chm., IB0T, 88. 626; 1909, 
88 , 214 . * 

* Findlay, Tbt Pb**r Fair. p. 39 ( Long main); Cohen and GoMaolmiMt,Z«ii. 
oooep. CW,*I904, SO, 2*6; Jtaccko, lul. piyeSW Cbtm.. 1914 88. M3. 
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containing zinc dust in suspension is gradually edited to a solution 
of tin chloride. * • 4 

Metallic tin remifns bright in dry ot moist air at the ordinary 
temperature, but when melted it gradually oxidises^ forming a 
greyish-white skin on the surface, which* consists of a mixture 
of tin and stannous oxide and is gradually oxidised to the dioxide. 
It is dissolved Ay dilute^ and more rapidly by concentrated 
tydrocUpric #qjd, with evolution of hydrogen and formation of 
atannoffi chloride; it dissolves also in aqua regia and in hot 
concentrated sulphuric acid, and is lonwrted by somewhat 
diluted nitric acid into metastannio acid. It dissolves also in 
aqueous solutions of the alkalis, with formation of suits *oJ 
metastannic acid and evolution af hydrogen. 

Tin is used for a large number of purposes, for the prepara¬ 
tion of vessels for household and technical use, for the manufac¬ 
ture of tinfoil, for tinning copper and iron, and especially f<j« 
preparing the t altoys of tin. Tinned copper vessels jrere em¬ 
ployed by the ancients, for we find them described by Pliny; 
and the same author also mentions as a wdl-knohm fact that in 
the process of tinning, the weight of copper articles increases 
but slightly, and lie adds that the substance termed stannum 
if employed for this purpose. * t , 

Copper- and brass-ware* can readily be tinned by dipping the 
vessel into the molten metal. In order to cover the interior ol 
a veupcl with a coating of tin, it is hcatad and some molten tin 
poured in, which is then well divided over the surface by rubbing 
with rags. In*order to prevent the oxidatiol of the metal, a 
small quantity of resin or sal-ammoniac is added. Agricota 
was the first to mention the process of tinning iron. It appears, 
however, that at that time it was only slightly employad. The 
pidfcess is usually supposed to have been discovered in Bohemia 
in 1620, coming into use in England and France about 100 
years later. In the modem process of preparing the common 
tin plate, an important industry in South Wales, mild steel platee, 
after being annealed, rolled and “ pickled ” in weak acid solutions, 
are dipped in a bath of molten tin. On the surface ol this is a 
layer of zinc chloride which acta as a flux, and the plates have 
to jwsa through this before they reach the tin. In the b|th they 
pass under a partition and emerge through a layer of hot greaae, 
which floats otf the surface of the tin and is separated froto 
the flux by the partition. The platee pass between rollers to 
remove ihe excess of tin, sod are then polished, 
vol. a. (it.) 
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Alloys of Tin. 

396 Several of these alleys arc largely employed in the arte. 
Tin and lead may be mixed in any proportion, and the alloys 
•are harder and toughel, but more readily fusible than either ol 
the two metals, for this reason they are employed as solders. 
The Mowing table give* the composition of somg of tje different 
lead and tin alloys; 

, Common Soldw. 

Fine. Common. . Comte. 

Tin s .4 2 1 1 

lead . . I 1 1 2 

In practice, a certain amount of antimony is often used to 
replace some of the tin in these alloys . 1 

J'*»UfoiLse is the name given to any alloy consisting chiefly of 
eppper and tin, although other elements arc frequently added to 
impart particular properties. 

The alloys corresponding in composition to tic formula SnCu, 
and SnCiij are definite chemical compounds, and are. the only 
Ones ot tho scries which remain homogeneous alter melting, a 
certain»amounfeof liquation taking place in oil the others. Tbr 
hardness of fliese alloys increases as tho proportion of oopper 
*« increased from pure tin to 35 per cent, of copper; from 35 per 
cent, to 73 per tent. ofco|>per the alloys are extremely brittle, 
and beyond 73 jxy cent, of copper, the hardness diminishes as 
t he copper is increased. The effect of heat on some of the copper- 
tin alloys is remarkable, for whilst steel is hardened bjr quenching 
in water, these alloys arc hardened by slow cooling and when 
quenched in water they lose their brittleness and become malleable. 

(fun-metal usually contains 9 parts of copper to 1 of tin, and las 
a yellow colour. This alloy also serves for the preparation of 
bronre medals. . 

Speculum-metal is composed of 1 part of tin to 2 parts of copper 
melte&together, with, frequently, addition of a small quantity 
of arsenic. It possesses a steel-grey colour, is very brittle, and 
takes a very high polish. 

Bell-metal possesses a varying composition. It generally 
consists of, from 4 to 5 parts of copper to 1 of tin. It haa a 
ySllowiah-grey colour, and readily melts to fordl a thin liquid. 
It has a finely .granular structure, is hard, brittle, and^very 
1 Bm Bumiiter »nd Tsbor. Jaunt. Isk. MtlaU, 1906.* 58.* 
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sonorous. The Chinese gongs and tom-toms are cast*at a very 
high temperatore, and then quickly brought Sudor the hammer;, 
in consequence the alloy becomes very dense.#. 

The preceding table gives the composition of some of the alloys 
♦described above. ■ * 

PAojpW-bronre.—'The addition of phosphorus to bronze im¬ 
parts to it a character of greater hardaess, elastjeity, and tough¬ 
ness. This material is obtained by melting cojjper with tin 
phosphide, sometimes with a small addition of lead, ft contains 
from 0-26 to 2-6 pe( cent. of phosphorus, and from 5 to 15 per 
' cent, of tfn, and is largely used, especially that containing from 
7 to 8 per cent, of tin, for portions of machinery for which hard¬ 
ness and‘toughness are important properties. The alloy con¬ 
taining more tin has been employed for bell-metal. Its valuable 
properties arc connected with the fact that copper forms a homo¬ 
geneous alloy witli tin phosphide, the presence of phosphorus 
preventing the oxides from dissolving itnd thus impairing the 
Qualities of the metal. * 

Tin Amalgam. -Tin readily combines with mercury with 
lowering of temperature. The amalgam may be formed more 
quickly when merc.ury is poured into molten tin, and,’according 
to the^quantit^ of mercury added, the amalgam is either liquid, 
or forms a ^mnulnr or crystalline mass. When mercury Is 
, made, the negative pole in a solution of tin dichloridc, fine crystals 
of the ainnlgun^are obyuncd containing from 44 to 61 per-cent, 
of tin (Joule). Tin amalgam was formerly largely used for silver¬ 
ing mirrors, but nt>w has almost entirely been superseded by the 
use of silver. 


It is not certain when tin amalgam wus first employed for 
manufacturing mirrors, inasmuch as, during the middle agaf^he 
processes used in the preparation of mirrors were kept secret. 
It Is, howevef, clear that before amalgam was us«f, a surface of 
metallic lead was employed for obtaining a mirror & early aa 
the thirteenth century, when such mirrors were cofiunon. These 
were carved, and were prepared, aa Beckman described in hia 
HittoA/ of Jnmtiatt, from large gloss globes, into the interior 
of which a mixture of resin, molten lead, and sulphide of antimony 
was introduced, the fluid mass being brought over the surface 
until it*was all covered with a thin film. The globe was then 
ogtinto pifces, and the mirrors thus obtained were often employed 
as ornafnents. A guild of gUsa : minor makers existed at Nurem¬ 
berg in the year 1373; whether they jnade mirrors according to 
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the above process is doubtful, but they, as well 8 s French work- 

* men, sold products of their art in the Venetian marlrat up to the 
year 1500. Thecae of amalgam for coating miarors is first 
mentioned by Kunkel, who recommends for the purpose an 
amalgam of 2 parts of quicksilver, 1 parted marcasite (bismuth), 
4 part of tin, and } part of lead. 

COMPOUNDS OF TfN. 

Tim and Oxygkn. 

397 The fact that tin readily forms a calx wflx observed at*nu 
early period. Pelletier was the«firat, in the year 1702, to show 
that tin combines in two proportions with oxygen, forming two 
aeries of salts. This investigation was continued by Proust, but 
for a long time considerable doubt existed as to tU number »l 
tho oxidation products of the metal. llerzcliuB in 1812 assumed* 
that there were three oxides, SnO, Sn,0„ and SnO,, on tne 
grounds thatwheti the metal is oxidised by nitric heid tho highest 
oxide thps prepared possesses a totally different chemical 
character from that obtained by precipitation with alkalis from 

• solution of the salts of tin. The suWcqucnt investigations of 

Davy, Gay-Lussac, and ft-rn-lius himself have proved that only 
the first and last of these oxides exist. A peroxide, SnO,, ha* 
also iwen prepared. • • 

Tin Monoxide or Slannous Oxide, 8 nO.- This oxide may ba 
prepared in a variety of ways. In the first piuce, it is obtained 
as an olive-coloured powder when stannous oxalate is ignited 
out of contact with air. Secondly, it may be prepared by adding 
a solution of potassium carbonate to one of tin dichloride, when 
a (Hute precipitate having the composition Sn,0(01f), is thrown 
down. This readily absorbs oxygen from the air, but if it be 
washed in absence of air and dried in a stream of carbon dioxide, 
the monoxide remains behind as a black powder. Stannous 
oxide is also obtained when tbe pure dichloride is mii'jd with 
sodium carbonate, the mass heated until it has become black, 
and then lixiviated. If the hydrated oxide be boiled with a 
dijpte solution of caustic potash, the anhydrous oxide ispbtained 
as a crystalline powder, the crystals consisting of combinations 
of the cube anS dodecahedron. It may also be obtain^ in (lie 
crystalline state by digesting a nearly saturated solution of the 
hydrated oxide in acetic add at a temperature of 66 °. * 
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According WHantzscb, 1 the hydroxide, SnO^I*, is precipitated 
when caustic soda is added to a solution of stannous chloride in. 
the absencl of air. It dissolves in excess of the reagent, and, 
like genntyioufl hydroxide, acts as a weak monobasic acid, the 
solution containing sodium stannite, H-SnOONa, *' * 

Stannous oxide readily takes fire when heated in the air, and 
dissolves in acids with formation of itannoue salts, ,to which it 
corresponds. These t are, however, more readily gained by the 
action of acids upon the metal, and possess an unpleasAnt metallic 
taste, redden litmus* owkig to hydrolysis, readily absorb oxygen, 
ind serve as powerful reducing agents. 

■ "Tin JKnxitk <w Stannic Oride, SnO,, occurs in nature as tin- 
itone, or cAssiterite. crystallising in the tetragonal system (Fig. 
66 ), aud possessing an adamantine lustre. The crystals are 
seldom colourless, being generally tinted 
brown or black from the presence of the 
oxides of manganese and iron. Slream-Hn , 
is found in water-worn nodules, and Wood- 
tin in reniform, fibrous masses. When tin 
is heated nearly to its boiling point in the 
air, it burns with*a luminous, wCite flame, 
and*the dioxide which p thus formed in a 
state of fine division was formerly known 
• • Em. iss. ns floret joris. If fused in the presence of 
• air,«the surface of the metal soon bejomes. 
covered with a grey pellicle, which then passes into a grey 
powder known & floret itanni, consisting of* a mixture of 
finely-divided metal with the oxide; the mixture, on continued 
ignition, is wholly converted into stannic oxide. The dioxide 
is also obtained on treating tin with nitric acid, when a vftjjent 
oxidation occurs. The hydrated white powder # thus formed 
yields the dioxide on washing and igniting. If a solution of 
stannic chloride bo precipitated with ammonia, a gelatinous 
precipitate is obtained which can be completely washed only 
with difficulty. If, however, it be heated with a concentrated 
solution of an alkali sulphate, a dense precipitate is thrown down, 
and this can be easily washed and yields the pure dioxide on 
ignitioq. An amorphous, white or stTaw-colonred powder is then 
obtained, which is quite insoluble in water and possesses a speiiifio 
gravity of 6-71. On heating it changes colour, becoming lemon- 
yellow and then brown, but it assumes its original tint on cooling. 

1 ZtiL anorf. tttm., 1902,30,289; m tics Jury sad PyUngt go,*Jem. 
Orem, Sec-, 1B2, UL 1996. 
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The dfcwk may also be obtained by the gleetrolysis dt a 
wlution of potassium or sodium chloride, a fin plate being used- 
u anode, and onerfif platinum as cathode. 1 

By heating amorphous stannic oxide in a current of hydrogen 
Chloride it may be obtained in microscopic crystals which have the 
form of cassiterite and a specific gravity of 6-72 (Deville).* The 
formation of crvstAlline sjannic oxide hfyi been observed in fusing 
the dross'collected on tho hearth of a gun-metal furnace, the 
'crystals being lard, brittle, four-sided prisnft* Stannic oxide can 
be fused only at a very high temperature, according to Cusack 4 
1127 s . It is not volatile, nor is it attacked by concentrated' 
acids, with the oxccption of sulphuric acid. 

Stannic Hydroxides. —Two stannic hydroxides are known, 
which have the same composition, H,KnO„ but different chemical 
properties. Berzelius, 1 who discovered the second form, intro¬ 
duced the term'" isomerism ” to designate this hitherto unknown 
phenomenon. They are both weak acids, but react differently, 
with other acids, and form different salts with alkalis, ffcm which 
they can be precipitated unchanged by the ad*htion of acids: 
they are distinguished by the names stannic and mctastannic or 
a- and jf-slannic acids. , 

Berzelius showed that they are bc^h in the same stage of 
•oxidation. The difference is not due to their* ya ter t-ontent, 
for this is variable, depending on how they oro dried, and tho 
difference between the two forms persist* through the varying 
degfees of hydration. Two views haveVen held as to the cause 
of the differeice. The older is that the /9-farm is a polymer of 
a-stannic acid : the method of preparation of the a-aeid, and tho 
composition of its salts, make it probable that the molecule con- 
mns only one atom of tin, and that it has ths simple formula 
HfSnOj: the work of Frfiuy 4 and Engel' on the salts and oxy¬ 
chlorides derived from /S-fl tannic acid indicate that its molecule 
contains five atoms of tin, and that it con be given the formula 
H^3n s 0 1 „4H,0. On the other band, Mecklenburg 8 has pro¬ 
duced evidence that the two forma are both colloidal hydrates, 
differing only in the size of their particles; while no cle* line of 
demarcation can be drawn between the two forma, the a-acid 

' Lonu, Zril. noty. Ckem., ISM, 12,4313. 

‘ CtmpL mi., 1891,88. 161- • Abel, Joan. Ckem. Sod! 1808,119. 

‘ Pne. Bopollruk A«C1897. fc 399. » Atmaieu, IM7. [SJ, f, 14*. 

» Am*. Oim. Pkpe., 1848, [3], *8, 380. • 

• Compt mi., 1897. 124. 790; 1S97,129, 464, SOI, 709. 

* ieil more. Ckem, 1909,^4.303; 1912,74. 207; 1914,81421. Bee (bo 
ColUgs ud Wood, Jour*. Ckem. Sec., 1922,121, 441. 
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cotoswta of the relatively small particle* and the ,8-acid of the larger 
ones. , ' . 

Bereeliu^ Engel, and others have described a third form, 
parastannic acid. This is not an isomer of the a- and /f-fonns, 
since it hoi a differen^water content from either of the otheft 
when dried under similar conditions. It has the composition 
H^nj0 ul 2H,O, and is obviously related closely to metastannic 
acid, and has been regarded as an internal anhydride of itj 
according to Kleinsdunidt, 1 however, it is identical with it. 

Stannic acid or a-^tamjic acid is obtained as a white, hydrated 
'precipitate by the action of calcium carbonate or alkali on a 
solution of a stuwiic salt, or by the action of an acid on a stannate. 
Its water-content depends on Jiow it has been dried; rapidly 
dried by suction and pressure it lias the composition SnO,,411,0 
or II,(Sn(OJ!),]; dried slowly in the sir at room temperature, 
i^has the composition Sn0,.2H,0 or H,SnO,; dried in a vacuum 
• over sulphuric acid it has the composition 8nO„H,0 or HjSnO,, 
bht it is doubtful if these arc definite hydrates. TKe final product 
on heating is aahydrous stannic oxide. The freshly precipitated 
hydroxide, while etill moist, dissolves slightly in water, to which 
imparts an acid reaction, and is readily soluble in diltite acids, 
forming stannic salts, afid in alkalis to form statmates, It is 
partially tran»ftrmed to the /}-fonts on-drying or on standing id 
rantact with water, especially on heatiug. 

The Stannatn .--Only jmc orthostannatc, cobalt orthostannate, 
Co^SnO,, lias as yet been prepared. It has been obtained by 
Iicdvall ! by fusing cobBltous and stannic oxides with potassium 
chloride and dissolving out the excess stannic oxide with hydro¬ 
chloric acid. • 

Tho emanates of the other metals, when formed by fuSipn, 
havo tho formula M^nOj, but when formed from solution have 
the formula My>n0j,3H,0. Bellucci ond Parra vano * argue that 
these are derivatives of hexshydroxy-stannic acid, H,[Sn(OH),]; 
the three molecules of water are water of constitution, not water 
of crystallisation, since they are often not expelled by long heating 
at 100°. All the atannstes examined, namely, those of sodium, 
potassium, lead, silver, calcium, strontium, and barium, contain 
three molecules of water; the potassium salt is isomorpbous with 
the potaSeium Balts of hcxahydroxy-plumbio acid, HjfPbfOHJJ, 
aity) the fartmore stable hexahydroxy-platinic &ci4 H^PtfOH),]; 

> JTomM., 1018. 88 , US. • Atkw Km Mi». Oat., 1814, t, No. IS, I. 

• ZbL anerg. Clew., 112. ' 
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they are aflalogous to the hexachlorostannstes, H^SnCl,], and an 
intermediate acid, H,[CljSn(OH),], exists. , 

The alkali stannates alone are soluble in water, Jhd can be 
obfeinetWos measorable crystals; stannates of the other metals 
afe obtained os insoluble precipitates by double deconiposition. 

Potassium Stamate, K,SnO s , is obtained by fusing the dioxide 
with potash, or by dissolving the hydra Jed oxide in potash-lye. 
The solution f : |ids on evaporation over sulphuric acid colourless, 
glistening, thombic prisms of K 2 [$n(OH) 4 ], which have an alkaline 
taste and are readily soluble in water. , Metallic copper brought 
into contact with the solution becomes covered with a bright 
coating of tin. 

Sodium Stannate, Jfa,SnOj, is # prepared on a large «cale and 
employer! extensively in calico-printing under the name of 
■preparing salts. It is obtained either by fusing the finely pow¬ 
dered or levigated tinstone with caustic soda, dissolving the mass 
in water to remove any ore that may be unacted uj»n, and 
evaporating the solution; or by heating tin with caustic soda 
and Chili saltpetac. On evaporating the solution, crystals of 
Naj8nO a ,3H t O, or NaJSi](OH)J, are obtained, which are more 
soluble id cold than in liot water. A tolerably concentrated 
solution of the Balt which contains no fanatic soda deposits on 
cooling fine prisms of the composition Na,SnO s , 1(111,0, anil these 
effloresce on exposure to air. 

Metastannic Acid and the Mttastumgtes. —In his Reflections 
on the Hypothesis of Alkali and Acidum published in 1070, 
Boyle remark* that aqua-fortis eats up or alustroys more tin 
than it dissolves. On the other hand, lie elsewhere ! mentions 
that a solution of tin in aqua-fortis readily becomes gelatinous. 
Kitifrel, who also studied the action of nitric arid on tin, men¬ 
tions in his Laboratorium Chymicum that tin can only be dissolved 
when it is added in small quantit ies to an acid, and that heat must 
be altogether avoided, because white eaix of tin is thrown down 
when the acid is hot. The explanation of these different state¬ 
ments is to be found in the facta that when the mctsl i» treated 
with weak nitric acid it forms either stannous or stannic hit rate, 
recording to the degree of concentration of the acid, and that the 
alter salt easily decomposes with separation of a gelatinous 
itibmic acid, whilst, on the other hand, when tin is aefied upon 
oy strong nitrie acid it is violently attacked with eVolutionfjf 

1 Boyle. Op. 4,284. 

• " ^perintenta «o(^Coo«idei»tiotu Concerning Cotouw" 
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hbat and formation of an insoluble white powder cd agisting of 
a mixture of o- $nd ^-stannic acids; KleBschmidt, however, 
maintaim^that it is /J-stannyl nitrate, Sn 8 CI,(N0 8 ) l ,4H t 0, and 
that this is readily hydrofysed to ^-stannic acid by washing with 
water. Metastannic #cid is also prepared by the addition ‘of 
acids to metaatannatcs, or by their hydrolysis in dilute solution, 
by the hydrolysis of y9-«Jannyl cblorid^by the spontaneous change 
of a-etannic acid, and by the alow spontaneous hytlro^is of stahnio 
salts and stannate*. Engel finds that it baa the Composition 
SnO,,211,0 or H,S 5 t 0 u , 9 H ,0 when it is dried in the air, and 
8nO„H,0 or H^SnjO^.tHjO when it is dried in a vacuum over 
sulphuric acid. .According to van Bemmelen,' however, it always 
contains »lcss water than the ^i-form when the two forms are 
treated similarly, and no definite hydrate exists. The final 
product on beating is stannic oxide. 

The freshly precipitated hydroxide reddens litmUB paper, and 
is distinguished from u-stanuic acid, inasmuch as it is altogether 
insoluble in nitric acid, and swells up but does’not dissolve in 
strong sulphuric acid, forming the easily hydrolysed compound 
/8-stannyl sulphate, Sn 6 0,S0 4 -4ir,0 (Kleinschmidt). Hydro¬ 
chloric acid produces a compound, nipta- or /9-stannyl chloride, 
which is soluble in wat^j but insoluble in hydrochloric acid, and 
which Tinge) {(fluid to have the formula-SnjOjCij^HjO. Numerous 
similar hydrated oxychlorides have been described. 

Afetastonnates are produced by the action of alkalis on 
uetastannic ocicl or on solutions of its chloride: the best fnown 
a sodium metastannate, which is slightly soluble in water but 
.insoluble in excess oi alkali. Frfmy and Kleiuschmidt find it 
can be represented by the formula Na^n t 0 n ,4H,0. Other 
metis Urinates of greater complexity have been described. • , . 

It is doubtful if any of these derivatives of the stannic hydr¬ 
oxides, except the easily crystallLsable stannic salts and the 
gtannates, are real compounds; their composition depends to a 
large extent on the method of preparation, and they are all 
readilyhydrolysablc. Meoklenburg has shown that the reaction 
between /(-stannic acid and phosphoric acid is a typical adsorption 
effect. The composition of the product varies with the con¬ 
centration of the phosphoric acid in tho solution according to the 
usual lrfw that holds when true chemical combination does Tot 
Ofcnr, but*an adsorbed layer is formed on the solace of any very 
finely divided substance. It is probable that afi tbe meta- 

1 flfr., 1880,13,1|8U 
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staanates, * metastannyl chlorides, and other compounds with 
acids are adsorptlbn phenomena. Solutions of metastannyl 
chloride are not tr*e solutions, but colloidal. J 
Parastannic acid was discovered hf Berzelius, who called it 
/9-stannic acid; since then this name hassbeen applied to meta- 
atannic acid. It has been studied by Engel, and is formed when 
metastannic acq} is heated in water at J00“. Its reactions are 
almost identify with those of /d-stannic acid, but it contains two 
less molectfies of water in its composition: * 

In nlr. Dried In n vooiuai * I'cbdllcm inlt. (UorlJc. 

JOUUnnnlenMd . U,*‘c.O,„lK,IJ JV^O.^n.O K^n,0„.«irp Hn,0,n,«V 

Ptrmlannlc ||U . JVn,0,„>U,(l lr 1 *i l U,„3U t O j Jjf/l t‘n,l) 1 IS 11 !J 1 C 

Colloidal or Soluble Stannic Artl was obtained by tlraliam 1 by 
the dialysis of a mixture of tin tetrachloride anil alkali, or o{ 
sodium stannate and hydrochloric acid, the gelatinous mans 
which is first formed gradually dissolving. The liquid is con¬ 
verted on beating into colloidal metastannic acid. Traces of 
hydrochloric acid or of a salt bring about gelatinisation in both 
solutions. * 

Tin Peuoxide, SnO,.~ This oxide is known only in the hydrated 
condition, and is prepare*! by the addition of barium peroxide 
to a solution of stannous.chloride containing liydrochloqc acid. 
The barium chloride, is removed by dialysis, aiwf the colloidal 
solution is evaporated. A white mass having the formula* 
or 2Sn0j,H a U remains behind.* • 

When stannic hydroxide is heated with ^ydrogen peroxide 
at 70°, and the mixture is desiccated, a perslannic acid, 
HSn0 4 ,2Hj0, is obtained, and this on beating at 100° yields the 
acir^ HjSnjO,,311,0, Potassium and sodium stannates when 
similarly treated form salts corresponding to these acid*’ 
tyhen concentrated alkali stannate solutions arc electrolysed 
at low temperatures and with low current densities, perstannates 
are formed, owing to anodic oxidation . 4 

Stannous Compounds. 

398 Tin Diflvoride or Stannous Fluoride, SnF„ is obtained by 
dissolving the hydrated monoxide in hydrofluoric acid. On 
evaporation in absence of air this compound is obtained in the 
form of small, white, monoclinic tablets. 

1 gw. TVmu., 1881.1H, 213. * Spring, 8 x. Mm., 1888, (IJ. 1,180. 

• TuMw, Bft., 1800, 88, IWt. * Coppadoio, Om„ 1808, M, i. 488. 
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Tin Dichloride or Slannou* Chloride, SnCI^ is obtained on the 
large scale by dissolving tin in hydrochloric acid. On evapor. 
ating the^solution and cooling, crystals of* hydrated stannous 
chloride, SnCl,,211,0, known in commerce as Tin Salt, separate 
out in transparent, mnnoclinic prisms which melt in their water 
of crystallisation at 40°, and on cooling again yield a crystalline 
mass. They have a specific gravity 4f 2-71, aqd di^olve at the 
ordinary temperature in 0-37 part of water. Whjo<niore strongly 
heated they partially decompose with evolution df hydrogen 
chloride, but when pried in a vacuum over sulphuric acid they 
' lose their water. The anhydrous salt, which may also be obtained 
bf heating tin it hydrogen chloride, or with the requisite amount 
of corrosive sublimate, is a Vanspsrent mass having a fatty 
lustre and conchoidal fracture. It fuses at 2G0° to form an oily 
liquid which boils at 006°. Its vapour at low temperatures has a 
density always less than that required by the formula Sn,Cl 4 , but 
* at a liiglj temperature the value becomes constant, agreeing with 
8 nCI„ l whilst the freezing point of urethane is lowered by dissolving 
stannous chloride in it by an amount corresponding to the formula 
SnCl,. 1 The hydrated salt dissolves in a small quantity of water 
.with lowering of temperature, forming a clear liquid which, 
when diluted with muck water, becomes turfjid, a basic chloridg, 
28n(Ofi)Cl,H I l) 1 being precipitated; this again dissolves on the 
. pddition of acids. The same precipitate is formed when the 
clear solution is.exposeij to the action of the air; 

eSnCl, -U 2H,0 + O, - 2SnCl, 4- 4Sn(QH)Cl. 

Stannous chloride is soluble in alcohol and in ether. 1 It 
combines with ammonia to form compounds which vary in 
composition according to the temperature of reaction.* Aften 
cooled in a freezing mixture, a yellow compound, SnCl,,2IfH„ 
ib formed, which blackens on exposure to light, and is decomposed 
by moisture into stannous oxido and ammonium chloride. At 
ordinary temperatures, a mixture of SnCl*2NH, and SnCl,,NH, 
result^'whilst at 100° SnCl,.NH, only is formed. At 120—300°, 
the compound 3SnCl 1 ,2NH, is formed as a brownish-red, crystalline 
mass, which is the most stable of the three compounds. 

Tin Qibromide ot Stannous Bromide., SnBr„ is obtained wjen 

' BiU sod V. Mtvtr, Ar, 1888, U, £2. . 

• Culoro, (Mix., 1898, 28. ii, J17. 

1 de Jong. Ait may. C*m H 1902, <L MS. 

• Sofiuoponla, Cmfl. rai^ 1911, list, 888.^ 
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tin is heated in hydrogen bromide or distilled •with mercuric 

•bromide. It forms*a light yellow, translucent mass fusing at 
215-6°, and ia soluble in water. A solution of tbisrcompound 
is obtained by acting with hot aqueous hydrobromic acid upon 
metallic tin. • 

Tin Di-iodide or Stannous Iodide , SnI,, is lest obtained by 
adding a argali excess of iMido of potassium to a warm concen¬ 
trated solution jf stannous chloride. It crystallises in yellowish- 
red needles*which dissolve only slightly in water, though readily 
in warm solutions of the chlorides and iodides of the alkali 
metals, and also in dilate hydrochloric acid. It melts at 316° 
solidifying to a crystalline mass which liquefies at* higher tem¬ 
perature. When heated in absence of air it is obtained id the form 
of a red, crystalline mass, yielding a scarlet powder. On treat¬ 
ment with dry ammonia, a yellow comjtound having the formula 
Snlj/JNIIj is formed.* If a.saturatcd solution of stannous iodide 
in hydriodic acid be cooled to 0°, pale yellow needles of infastannic 
acid, ITSnI a , arc deposited. These arc very unstable and readily 
decompose, forming stannous iodide.* • 

The fluoride, chloride, bromide, and iodide combine with the 
corresponding halide compounds of the alkali metals and with, 
tfyosc of the metals of the alkaline earths to fiym crystalline 
double salts. * • 

Tin Mono-sulphide or Stannous Sulphide, SnS, is obtained by,. 
heating together the. metal and sulphur. Thin tin foil takes 
fire spontaneously when brought into sulphur vapour. When 
thus obtained,V is a lead-grey, tough, crystalline mass, which 
melts at a higher temperature than the metal. When a solu¬ 
tion of stanifoiiR chloride is saturated with sulphuretted hydrogen, 
a hrtwn hydrated precipitate is obtained, which on* drying 
beeftmes black. This ia scarcely soluble in ammonium sulphide, 
but dissolves on the addition of sulphur, and is also soluble in 
the polysulphides of the alkali raetuls, the stannous sulphide 
being first converted by the aulphtir into stannic sulphide, which 
then dissolves, forming ammonium thiostannate. WMjn the 
fried precipitate is added to fused stannous chloride and the 
melted mass treated on cooling with dilute hydrochloric acid, 
itannous sulphide is obtained in metallic, glistening, crystalline 
wales, having a specific gravity of 4-973. The crystalline variety 
nay also be obtained by heating the amorphous sulpludq in tke 

1 Ephraim and Schmidt, Btr., 1909. 4C, 3SM. 

| Young, J. Aat r. Chen. Sec.. 1W7,18. Ml. 
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electric furnaAe . 1 Amorphous tin sulphide dissolves readily 
in hot hydtpchlorioacid, whilst the crystallised substance dissolve? * 
less readil)* , * 

Stannous Sulphate, SnS0 4 , is formed by dissolving the metal 
or the hydrated oxide*in dilute sulphuric acid. On. evaporation 
in a vacuum, microscopic, granular crystals are obtained which 
are only a little more voluble in hot*than in cold water. The 
solution readily deposits a basic salt. t i) 

Stannous Nitrate * SnfNO,),.—This salt is .obtained by the 
action of very dilutanitric acid on the metal, ammonium nitrate 
being simultaneously produced: 

iSn +^OHNOj = 4Sn(N0 3 ), + NH.NO, + 311,0. 

Stannic Compounds. 

399 Tin Hydride.— If an alloy of tin and magnesium, the com¬ 
position^ which corresponds to the formula MgjSn, is dissolved 
ill hydrochloric acid, the hydrogen evolved contains small amounts 
of a volatile hydride of tin. This is condensed, by liquid air, and 
can bo re-cva[iorated without decomposition. On passing 
through a heated tube, it is decomposed, with the formation of a 
characteristic tin mirroi* 

Tin' Tttrujl'unde or Stannic Fluoride, 8 nF„ is obtained as 
,f hygroscopic, white, crystalline substance by the action of 
anhydrous hydrofluoric; acid on stannic chloride.* It boils at 
705’’, subliming below tins temperature, and lias the specific 
gravity 4-78 ut 19*. An aqueous solution of the fluoride may be 
obtained by dissolving tho hydrated dioxide in hydrofluoric 
acid; the solution coagulates on boiling, and decomposes on 
evaporation with evolution of hydrogen fluoride. Gat^us 
ammonia combines with tin tetrafluoride at 43°, forming a whit© 
compound, ShF 4 ,NIf 3 , which loses very little ammonia even at 
400’.* When the fluoride and ammonia are heated together 
in a sealed tube at 120—130°, SnF 4 ,2Nlf 3 is formed. Both these 
compoands are soluble in ammonia. 

Liquid hydrogen sulphide decomposes the fluoride in a sealed 
tube, thus: SnF 4 -f 211,8 — SnS, + 4I1F. 

Chlorine compounds oi phosphorus bring about an exchange 

1 M.mrtot. Comp, mi., ISM. 1M. 7*K. 

Puieth ind I’nrth, Ber.. 1019, (flj, *020. See elw futeth end dUih*, 
Bet., 19& H. [B], 769, 778. 

• Rui ud Plete, Ber., 1004,37, 973. 

• Welter, On fell, 1912, M, 166. 
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of chlorine end fluorine, and metals react violently with the 

fluoride, liberating tin. * . 

It combines wit# other fluorides, forming a characteristic 
series of double salt*, the stannifluorides, wlu'ch mostly crystallise 
well and are isomorphous with the correspdbding double fluorides 
of eilicon, titanium, germanium, and sirconium. 1 

Potiutiuin^latmifluoride^K^nYg.Efi, ft obtained by neutralis¬ 
ing hydrofluoric^ acid with potassium stannate, or by treating 
stannic chloride with a cold solution of potassium fluoride * 

It crystallises in thin, nacreous tablets-or ia rhombic pyramids 
which are much more solublo in hot than in cold water. When 
the solution contains an excess of hydrofiuori? Hcid, the salt 
K,SnF 6 ,HKF, is deposited in menoclinic prisms. * 

The atannifluoridea of sodium, ammonium, calcium, and 
magnesium are also crystalline soluble salts. 

Tin Tetrachloride or Stannic Chloride, SnCl 4 , was first men¬ 
tioned by Libavius in 1G05, who obtained it by distilling tin or 
its amalgam with excess of corrosive sublimate. It was term«T 
by him Spirit us afanli vii'i suWmaii, but afterwaflds it received 
the mmc 'Spiritvs fttmaus Libarii. For its preparation, the 
process originally proposed by Libavius may be employed, or. 
chlorine may be passed over tin foil, Wn-platc s^rap (p 4 877), • 
or fused tin placed in a retort When tbc strcairf of chlorine 
is quick, and especially if the gas-dclivery tube dips into the., 
mol teg metal, an evolution of light and beat is observed. It 
may also be prepared by passing chloroform vapour over tho 
heated dioxide/ " 

Tin tetrachloride is a colourless, thin, fuming liquid, which 
mlidifiee at — 33°, has a specific gravity of 2-234 at 16°, and boils 
it hS- 9°,‘ forming a colourioss vapour having the normal*pecific 
jra'flty of 9-1997 (Dumas). At the boiling point it dissolves 
•hombio sulphur, yellow phosphorus, and iodine, and can be 
nixed in all proportions with bromine and carbon disulphide. 
iVhen mixed with turpentine so much heat is evolved that the 
lydrocarbon takes fire. Its property of fuming in the air depends 
>n the fact that it absorbs atmospheric moisture. In 1770, 
Jemachy observed that it solidified when brought into con- 
act # with one-third of its weight of water to form a crystalline 
Haas termed butter of tin. Several distinct hydrates soluble in 
• 

* lUrigMo, Am da Mm*. IMS, (SJ, U, 1*1. 

* Knfeh, Jfmatd., 1904,28, 907. 1 Btr., 1908,». *49. 

* Tkoij*. Jonm. Ciem. Sec. 1*80, 97, 331. 
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water may bS produced, according to the quantity of water 
which is added. Thus the compound SnCl*,3H,0 is formed by 
exposing Sie anhydrous qhloride to the actiofi of moist air, or by 
the evaporation of its aqueous solution. This hydrate crystal¬ 
lises in inonoclinic needles which melt at 80', and on cooling 
again solidify to a crystalline ina&s. A second hydrate, having 
the composition SnC1^5H,0, is obtained by the addition of a 
sufficient quantity of water to the anhydrous chVide, or by the 
gentle evaporation of the aqueous solution. It is deposited in 
opaque, acute, monnclinic prisms, which melt at a low tempera¬ 
ture and again solidly to a crystalline mass. Lastly, large trans¬ 
parent, monVtinie crystals of the hydrate SnCI 4l 8HjO are 
deposited in the cold from a dilute solution. On boiling a dilute 
aqueous solution of tin tetrachloride, stannic hydroxide is formed; 
in very dilute solutions this precipitate forms on standing. 

Tin tetrachloride is employed by dyers as a valuable mor¬ 
dant. proltbcl in Holland is said to have mado the discovery 
lhat by help'of this salt n permanent red dye can be obtained 
from cochineal. Dyers wore formerly in She habit of pre¬ 
paring this mordant, known by the old names of tin-composition, 
physic, or dyer’s spirits, by dissolving tin, together with sal- 
ammoniac or common-salt, in nitric acid, pr by dissolving tjn 
in aqua regia, whence, the solution *as formerly termed nitro- 
. muriate of tin. It is usual now for dyers to employ tho 
crystalline ponluhydmte, 8nCl„r)H,0, which is a commercial 
product known as ozymvriate oj tin. It is also largely employed 
for weighting silk. * 

Anhydrous stannic chloride combines with ammonia to form 
a solid mass having the composition 8nCl 4 (NHj) 4 , which can 
be suWimed and is soluble in water without decomposition. 1 
It eon bo obtained in crystals by evaporating the aqueous Solu¬ 
tion over sulphuric acid, but if it be allowed to stand for some 
days, or if the liquid be warmed, stannic hydroxide separates 
out in a gelatinous form. Tin tetrachloride combines also with 
many ‘other chlorides to form crystalline compounds,* such as 
SnCl^SClj. This is obtained by the action of chlorine on 
tin disulphide, and forms large, yellow crystals, which melt 
at a summer temperature, and decompose above 40°, with 
evolution of chlorine. If dry nitrous fumes arc led into a solution 
if stannic chloride, tho compound SnCl 4 ,N, 0 3 ia deposited as a 

> Fenoi, An*. Chm. Phft., 1830,4lt 332. 

* H. Rose, Pen. Am., 183/. ft 517. 



i yellow, amorphous mua, and if this be sublimed or if the dry 
^ vapours bom aqua^egia be passed into the chloride, the com- 
\ pound 8nCl t ,2NOO ia produced, which crystallises fc bright, 

■ shining octahedra. If a solution of stannic chloride in chloroform 
k be used, a white precipitate of Sn0CIj,3SilC1 4 .N,0 4 is obtainod, 

* and this on heating yields a white sublimate of SnCI 4 ,4NOC1.' 
Stannic chloride /Iso combines with phespliortis pcntachloride 
to form the impound 8nG 4 ,I*Clj, which sublimes in glistening, 
colourless cfystals, but when kept even in closed vessels falls to 
an amorphous powder. . It has a peculiar, extremely pungent 
smell, and fumes strongly in the air. The compound Snll,,PO('l, 
forms crystals which melt at 58°, and con be distilled at 180*” 
without decomposition. This compound fumes strongly in the 
air, and is at once decomposed by contact with water. 1 

Like the fluoride, Stunnic chloride readily yields a scries of 
double salts known ns the slamtirhloritles, which present a simi¬ 
larity to the platiniehlorides, but ore less stable than t^c latter 
salts.* The free acid, ll^SnCl,, is obtained in thin plates con* 
tainiug GII,0 by saturating the pentuliydrate, Sn(.fl 4 ,511,0, with 
hydrochloric acid gas at 28° and cooling to 0°.‘ 

Ammon iii ni Slmnichlorid r, (NJf,),8nC[,, separates as a crystal- . 
line powder when solutions of the two salts are miied^ and 
crystallises from dilute solution in small, regular octahedra. It 
dissolves at the ordinary temperature in 3 parts of water. Its., 
concentrated solution can be boiled without decomposition, but 
when diluted tin hydroxide separates out. It was formerly much 
used by calico-printers under the name of pthk salt, from its 
power of acting as a mordant for madder-red colours, but its use 
has been alihost entirely superseded by the crystalline penta- 
hydrAed stannic chloride. « 

Tin Tdmbromulc or Stannic Bromide, Snllr 4 .—Tin and 
bromine unite together with evolution of light and heat. The 
bromide is best prepared by adding bromina very slowly to strips 
of tin, the temperature being kept between 30 0 and 50°.' It is 
ft white, crystalline mass, which fumes strongly on exposure to 
air and is easily soluble in water. It melts at 33" and bods at 

1 Thomas, Com#, nod.. 1806.12, 32. 

1 Ouwlmaas, Annaiem, 1882, S3. 287. 

1 von Biton, J. Rum. PS)i. Chem. 8oc., 1S04, SI, 489; Bcllucei and 1'arra- 
vano, Atti R. Aeead. Linen, 1904, [4} 13. ii, 307; von Biroe, J. Bum. 

Ckm. So c„ 1006, 87, 903, 994, 1038. • 

* Znaal, Comfl, rad., 1886,108, *13; Brabert, Bet.. 1887. SO, 793. 

* Lortnr. ZeiL morq. Chem., 1896, 9, 303. 
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201". Tie specific gravity of the liquid is 5-349 at 35°, and'ite 
vapour density is 7-92. 1 It is easily soluble ifi cold water, forming 
a colourl£fl liquid from which the hydroxidl is deposited slowly 
at the ordinary temperature and quickly on boiling. It yields 
crystalline ttannibroiaida with the alkali bromides. 

Tin Tdraiadide, Sol,.—When tin and iodine are heated 
together, combine tion»comtiiences a I* 30°, animat a higher tem¬ 
perature heat and light are emitted. In orde^tp prepare this 
compound, tin filings are first moistened with carbofi disulphide, 
and then iodino is gradually added. It crystallises in red octa- 
hedra, melting at 146° and having a specific gravity of 4-690. 
Tin tetraiodHfasboits at 296°, hut sublimes at as low a tempera¬ 
ture as 180° in yellowish-red,needles, very similar in form to 
those of ammonium chloride. It is soluble in carbon disulphide, 
absolute alcohol, other, chloroform, or benzene; with water 
it forms hydriodic. acid and stannic oxide. 

If anjmonia be led into a solution of tin tetraiodido in carbon 
rlisulphide, and at the same time the solvent'be allowed to 
evaporate, a»white substance, SnI 4 ,8NH„ i* formed. This ie 
also fo'rmod by passing ammonia over the tetraiodido* 

, Tin Disulphide, or Stannic Sulphide, SnS,.—This compound, 
crystajlising in six-sided tablets or in gold-soloured, translucent 
scales havi^> a specific gravity of 4-425, is used as a bronze 
.powder for the purpose of bronzing articles of gypsum, wood, 
etc., and is known in commerce as mosaic gold. The discovery 
of this compound is usually ascribed to Kunkcl. He does 
indeed speak of atubliination of sulphide of tin atW sal-ammoniac, 
but expreasea himself so vaguely that it is impossible to recognise 
this compound from his description. It was wdU known in 
the eighteenth century under the names of mosaic gold, Austin 
momkutn, or mutivum. It was then prepared as at* the 
present day'by subliming a mixture of tin amalgam, sulphur, 
and ammonium chloride, and as it was supposed to contain 
mercury it was often employed ns a mercurial medicine. Peter 
Woulfe in 1771 showed that it did not contain mercury, and 
described other methods for its production, according to which 
it is etill prepared. Thus, for instance, it is obtained in the form 
of a fine pigment by heating 18 parts of tin amalgam, containing 

6 parts of mercury, with 6 parts of ammonium chloride and 

7 parte oi sulphur, when ammonium chloride, Mercuric chloride, 

‘ Camlley «nd ime,, Jem. Clem. See.. 1878,H 65. 

* Epbnim ud Sohmidt, Bee., 1SOC, 4K, 38W. v 
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and stannous cblorids sublime, and stannic sulphide remains 
behind in the forro’of golden-yellow wales. *lt is likewise pre¬ 
pared by heating tin monosulphido fith 8 parts of mercuric 
chloride, or subliming tin filings with ammonium chloride and 
sulphur, and according to several other receipts given by Woulle. 1 
Pelletier believed mosaic gold to be a compound of Bulphur with 
the highest oxidation prdfiuct of tin, atid 1’niust, who found 
that it couldtly obtained by heating stannous chloride or tin 
monoxide with sulphur, supposed it to be a compound of tin, 
sulphur, and a small quantity of oxygen The exact com¬ 
position was ascertained by J. Dovy and Bcnclins in the year 
1812. The formation of mosaic gold from tifl^sulphur, aiffl 
ammonium chloride appears to •take jilace according to the 
following equations ((Jmclin): 

(I.) 8n + 4N1I.C! = (NH.ClJ.SnCI, -|- If, + 3NII, 

(II.) 2(NH 4 CI) r SnC'l t -f 8, = RnS, + 2NH 4 ('H-(Nll,Cl) ? 8nCl t . ■ 

When heated, a portion sublimes without decomposition, but the 
greater part is resolved into sulphur and nmnosiSphide. It is 
not attackfd by hydrochloric or nitric acid, but readily dissolves 
in Bqua regia, as well af in caustic potash, when potassium • 
atannate and potassium thiostannate are Ibrmcd. U sulphuretted 
hydrogen be led into a solution of the tctracblorfie a yellow 
precipitate i* obtained. This consist* of a mixture of tin disul-* • 
phideeand tin dioxide, and is readily soluble in the sulphide* of 
the alkali metals, when the thioslonnatr* are t fornied. 

TAiosfanmc 5rtd. -When dilute hydrochloric acid is added 
to a solution of tbiostannato, a yellow precipitate is obtained, 
which on drying forms an almost black powder possessing a 
brrfwn streak and wax-like lustre, and having the composition 
HjSbSj. When heated in absenco of air it yicldg the golden- 
yellow disulphide.’ 

Polonium Thiotlannale, KjSnS,,31f,0, is prepared by boiling 
a concentrated solution of potassium sulphide with the necessary 
quantities of sulphur and tin; it crystallises in colourless 
prisma. By a similar process, the sodium toll, Naj8nSj,2H,0, . 
is obtained in yellow, vitreous, regular nctahedra* When 
sodjpra sulphide is fused with tin monosulphide and sulphur, a 
black, crystalline mass is obtained, yielding a dark-coloured 
solution, which *>n concentration at a low temperature yields 

' P%f- Tfttu., 1771. 81. 114. • Kllin, Amain. IMS. M, 110. 

• • Ditto, Cdkpt. r«i„ 18S1, «, 641. 
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colourless crystals resembling gypsum, and having the formula 
Na,SnS„lJH,0. • 

AmmoAum tbiostarumfe is formed by disolving the sulphides 
in yellow ammonium sulphide, and may be precipitated by 
alcohol in uiutablj yellow tablets of tho composition* 
(NH 1 ) J 8nR 1 ,3II 1 0. 

When mosaic gold 4s fused with fodine in ^bsejjce of air, a 
crystalline mass of SnSJ, is obtained, and this |o4 be sublimed, 
or recryatallixcd from solution in carbon disulphide. It is decom¬ 
posed by water into stannic oxide, sulphur, and hydriodic acid. 

Stannic Oxytuljihidt, SnjOSj.lllIjO.—This compound is 
Obtained by Bfbwing precipitated stannic sulpliidc to remain in 
contact Vith ammonia, filtering and acidifying the filtrate, or 
by digesting the sulphide with ammonium carbonate and acidi¬ 
fying tho filtered solution. It is a white mass which is soluble 
in ammonia and gradually becomes yellow on keeping. 3 

Stannic Sulphate, Sn(S0 4 ),.— As already mentioned, tin 
dioxide dissolves in concentrated sulphuric acid, and from the 
solution two* crystallino bodies may be obtained having the 
empirical formal® 8n0.,2H,S0 4 and SnOg.IIjfiO,, yhicli may 
• be regarded us the normnl aulplmt*, 8 ii(S0 4 )j. 2H,0, and the 
basic f sulphide, 8n(8S t ),,8nO t ,2H,0. Itutli of these are 

decomposed-' by water with separation of stannic, oxide. 

, On mixing solutions of staimic acid in sulphuric acid, and 
calcium sulphate in sulphuric acid, and concentrating, regularly 
formed, colourless cubes are obtained of SnfSOAj.CuSO^HHjO; 
similar salts are 1 obtained with barium, strontium, and lead 
sulphates.* 

Stannic Nitrate, 8n(NO a ) 4 , is obtained as a white powder 
by the»action of 70 per cent, nitric acid on tin, but must? be 
quickly removed, aa it is rapidly converted into the liydibted 
dioxide. It is a white substance which is stable in presence of 
concentrated nitric acid at 90“, but is immediately decomposed 
at 100“.'' It dissolves in water, but tho solution is almost im¬ 
mediately decomposed with separation of hydrated stannic oxide. 

Pvhuriwn Ammono-ttannale, KJSn(NH,),], is produced by 
the action of potassamide on stannic iodide in liquid ammonia, 1 

• Slrurtk, Zeit. o*org. Chin., 1898, 17, 117. • . 

• Schmidt. Ber.. IBftt. *7. *739. See >bo Chem. Cntr., 1907, i., 397. 

( 1 YVoinUfid and Kflbl, Ben, 100«, M, 7031. See slso» Zeit. anorj. Chen, 
1907, si m. 

• Montomertinl, Goa., 1892, 28, 384. 

• FitzfeAld, J. Ann. Chen. Hoe., 1907, If, 1093. 
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a reaction entirely analogous to the production of stannates by 
the action of alkalis in aqueous solution: t 

6KNH.+ Snl 4 = KjSnfNJ^.J + 4KI. * 

6K0H + SnI, = KJSn{OH)^ + 4KI. 

If this is heated at 145°, it loses three molecules of ammonia, 
which is analogous to tile behaviour ef potassium Btannate 
trihydrate: N ( 

KJSn(NH 2 ).J = KjSr.(NIl), + 3NH S . 

Kj(8n(OH) 4 ] = K,SnOj -f 3H a O. 

No more ammonia can be driven off by heiffftig for scvemi 
hours at 316°. • 

Tin and Phosphorus. —When finely-divided tin is heated in 
the vapour of phosphorus, a silver-white, very brittle mass, 
having the composition SnP, is obtained. This lias o specific 
gravity of C-5C, and dissolves readily in hydrochloric acid, but is ' 
not attacked by nitric acid. When phosphorus is thrown on to 
the surface of m&tcn tin, combination also takBs place. The 
compound containing the largest quantity of phosphorus which 
can thus bo obtained hits a silver-white colour, is not verj* 
brittle, and may be cut with a knife; It appears,to pos^ss the 
composition 8n,P, (Pelletier). 1 If spongy tin, obtained by 
precipitating a tin salt with zinc, be brought into contact with. 
such« quantity of phosphorus that one atom of the latter be 
present to nine atoms of the metal, a phosphide having the 
composition Sn*P is obtained. Tho Bame compound is formed 
whenever any of the other phosphides containing more phos¬ 
phorus is heated. This is a coarse, crystalline mass, which has 
the appearance of cast zinc. It melts at 370“, and is «iscd for 
the preparation of phosphor-bronze. 

Stannic Pyrophosphate is obtained by tho action*of phosphoric 
acid on stannic acid, and is insoluble in water and in nitric acid. 
This reaction is employed for the separation of phosphoric acid 
from other bodies. For this purpose a known quality of 
tin foil is added to the nitric acid solution of the body under 
investigation, when the whole of the phosphoric acid remains 
behind with the metastannic acid. , 

1 Sw also Stead, /, See. Clum. i«d., 1897,19,200,309; and JojibuB, Cmpt. 
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Detection and Estimation flv Tin. 

' c 

400 Whfcn a small quantity of a tin compound is held in 
the reducing flame on charcoal, a majleable bead of metal is 
obtained, which easily dissolves in hot hydrochloric acid. This 
solution gives with a small quantity of mercuric chloride a 
white precipitate whicB becomes grey on boiling: j 

(f.) SnW, + 2KgCl, = SnCI, + Hg*Cl, 

(II.) Sotf, + Hg.cn, = Sna, + 2Hg. 

If one of metallic globules be fused in a borax bead 
sightly tinted with cupric oxide and heated in the reducing 
flame, the bead will become of a red tint, due to the formation 
of cuprous oxide. 

Stannous suits yield a brown precipitate of stannous sulphide 
with sulphuretted hydrogen, which dissolves in ammonium 
sulphide containing polysulphides; the solution, on addition 
of an acid, dfi>osits stannic sulphide. Ammonia and caustic 
alkalis give a white precipitate of stannous hydroxide, which 
is soluble in excess of the latter reagents. Stannoift chloride 
’gives a blue coloration with ammonium molybdate, and in 
this way 1 jilftt of tin as stannous chloride may be detected 
in 1 , 000,000 parts of solution . 1 

" Stannic salts yield a yellow precipitate of stannic sulphide 
with sulphuretted hydrogen, readily soluble in ammonium 
sulpliide, and alkalis precipitate stannic hydroxide, which 
dissolves in an excess of the precipitant. 

Zinc precipitates metallic tin from solutions of tbotin salts in 
the form of glistening Beales, or in a spongy or arborescent mans. 
The tin Balts do not impart any colour to the non-luminous 
gas-flame, but the spark spectrum of the chloride exhibits two 
characteristic lines having wave-lengths of 4526 and 6631 
(Lecoq de Jloisbaudran), These same lines are seen together 
with others in the spark spectrum of the metal, the most brilliant 
of the*tin lines being as follows (Thalcn): 6462, 5798, 5631, 
6688 , 5563, 4626. 

In the processes of qualitative analysis tin is obtained together 
with tltose metals which are precipitated by sulphuretted 
hydrogen « an acid solution. To separate tin^rom these the 

■ LMigiWff, ftm. San. 1899, BO. 282: Rnw*. J •— .. 
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well-washed precipitate is treated with yellow ammonium 
sulphide, filtered, and the filtrate acidified with cold dilute 
hydrochloric acid. .The precipitate may contain, bedde stannic , 
sulpiride, the sulphides of arsenic and" antimony. A'fter it has 
been well washed with water, it is digest^ with solid ammonium 
carbonate to dissolve the sulphide of arsenic. The residue is then 
dissolved in concentrated toiling hydrochloric acid, the solution 
boiled with >petollic copper, and the liquid tested for stannous 
chloride with mercuric chloride (see also under Antimony). 

Tin may be estimated as the oxide. If the metal or one 
of 'its alloys be under examination, it is oxidised with pure, • 
tolerably strong nitric acid, and tho well-joshed residue 
ignited, From solution it is precipitated with ammopia as tfie 
hydroxide, but if it be present iu the form of stannous salt it 
must be first oxidised with chlorine or hydrochloric acid and 
potassium chlorate. The precipitate obtained by ammonia is 
then dissolved in the smallest quantity of hydrochloric acid and. 
heated with a concentrated solution of sodium sulphate, then the 
hydroxide iB again precipitated, and this is not gelatinous, and 
may therefore be easily washed (Ixtwcnthal). When tin sulphide 
is obtain^! in the separation of tin from the other metals, it can 
be gradually converted into stannic oxide by gentle roasting 
and subsequent ignition,. • • 

Tin is frequently estimated by volumetric methods, the 
processes depending on the oxidation of stannous chloride tt>* 

8tannic chloride by means of standard solutions of ferric chloride 
or iodine. • • 

The electrolytic method has been employed for estimating tin 
as the met'd, the process being carried out in the presence of 
ammonium oxalate or some other orgauic salt. 1 It may be 
deposited also from solutions in ammonium sulphide. 

Atomic Weight of TVs.—The early determinations of the 
atomic weight of tin were made by oxidising the metal to the 
dioxide, but the numbers obtained varied considerably. Thus 
Berzelius* found the number 117*65, and Mulder aru{ Vlaan- 
deren* 116-3, whilst a later determination by the last* named 
gave the higher value 118-16. Dumas 4 by the same method 
obtained the number 118-06. Bongartz and Classen * employed 
• • 

■ Engel*, &r.. 1898, 28. 3182; Holla rd, Com ft. mi., 1897, W, 1461; 
Fl*ob»r, Set., 1901, 88,2348; etc. * • 

» Poff. Am>„ 1839. 8, m. • J. pr. Ckem., 1849. 48. 88. 

1 *»». CW Pkarm., 1800 # 118, 28, ‘ Btr., 1888, *1, 2900. 
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four different .methods, namely, the oxidation of pure tin with 
nitric acid, and the electrolysis of potassium stannichloride, 
ammoniunS stannichloride, and stannic bromide. The average 
of the most trustworthy experiments gave the number 119-0. 
Briscoe , 1 by analysis pi the tetrachloride, obtained the number 
118-7, which is now (1922) adopted . 1 This number has been 
confirmed by Baxter atyi Starkweather,® by eleotrolyaisof stannic 
chloride, and by Krepelka,® by analysis of the tetrffjromidc. 

LEAD, (plumbum) Pb — 207-20. At. No. 82. 

* 401 The first mention of lead occurs in the well-known passage 

in tho Book (fftJob, Chap. XIX, and it is mentioned also in the 
Book of Numbers, Chap. XXXI, as a portion of the spoil taken 
from the Midianitcs. It is found under the name of dphdret, 
derived from tho word fiph&r, signifying to have a grey appear¬ 
ance. In the oldest Creek translations of the Old Testament 
' tho word /•oXifloe occurs, and this as well as the word iti\vfibot 
undoubtedly refers to lead. It appears that no exact distinction 
was drawn bdhroen the metals lend and tin during the time of 
the Israelites, but we find that 1 ’liuy points out a distinction 
.between these two metals, inasmuch 1 *as lie gives the name of 
plumbum niyryiii to lead, whilst tin is designated ns plumbum 
candidum (p?872). Lead was known to the anrient Egyptians, 
, 9 s lead plates lmve. lreen found in the Temple of Baineses III. 

It has already been stated that the seven metals known to 
the ancients were supposed to be in some way connected with 
the seven heavenly bodies which were then known to belong to 
our solar system. Dull, heavy lead was apportioned t to Saturn, 
and this metal is designated in the writings of tho alchemists 
by tho wgn 1 ). 

Lead is seldom found in tho free state in nature. Native lead 
does, however* occur in small quantities in certain lend ores, and 
in volcanic tufa. The oxides of lead ore found in the form of rare 
minerals, the yellow oxide, PliO, and the red oxide or red lead, 
PbjOj. ’ Tho commonest ore of lead is galena or lend sulphide, 
PbS; this is very widely distributed, generally occurring to¬ 
gether with quarts, calc-spar, fluor-spar, and heavy-spar, in the 
older os^well as in the more recent strata, and in almost etary 

1 Joan. Chm. 1 Sot., 1913,107. 83. 

• Artoiy Sa/Brt, IBS!, 100. 813. has ihown (hat Iber* ar? eight Uotojw of 
tin of atomic traighu, 120. 118, 116, 124, 119, 117, 122, 121. 

• A-4mer.Om.Soc.. 1920.48,905. . ‘Mi., 92$. 



"part of the world. Thus in Cornwall it occur* in veins in the 
coarse argillaceous echist, provincial!/ termerj Milas; in Derby¬ 
shire, Cumberland,.Northumberland, and Yorkshire,*jt is found 
in mountain limestone; in CardigansHire and Montgomeryshire 
it occurs in the Lower Silurian; and fha chief deposits in the 
United States likewise occur in tho same formation. Again, 
at Sala in Sweden, it is (found in graryilar limestone, and in 
Freiberg in^r schistose gneiss, older than the carboniferous 
system. Enormous quantities of galena," closely associated 
with zinc blende, occur in the Broken Hill deposits of Australia, 
in Burma, Bhodcsia, etc. Sulphide of lead also occurs in com- ‘ 
bination with the sulphides of antimony ancWopper in the 
minerals zinckenite, PbSb a S 4 , and Ixmrnonite, CuPb 6 b 8 a . In 
addition to these ores, lead carbonate occurs as the mineral 
cerussitc, PbC0 3 , found in some localities, as in the neighbour¬ 
hood of Aix-Ja-t’bapeUc and of Santander in Spain, in sufficient 
quantity to be worked. It is also found in the lend mines of • 
Cornwall and Devonshire, in Yorkshire, at Lcarftiills in 
Scotland, and at#fcven Churches in County Wiaklow. Other 
naturally occurring compounds of lead are the basic chloride, 
occurring "as the minerals, matloekite, l*b a ( 1 a 0 , and niondipite,. 
PbjCljOj, and the sulphate of lead or anglesite, I’b30 4 , found 
associated with galena and carbonate of leaif #t Ldadhills 
and in. other localities. Again, wo have a basic sulphate called , 
lanarkite, 1’bO.PbSO,; lcadhillite, l'bS0 4 ,31’bC'0 4 ; phosgenite* 
PbCl'PbCOj; stolzite or lead tungstate, PbW0 4 ; wulfcnito 
or lead molybdate, PbMo0 4 ; crocoisitc or lead ebromato, l’bC'r0 4 ; 
pyromorphite or lead phosphftto-chloride, 3Pb,P a 0 4 t PbClj; 
mimeteaito or lead chloro-nrsenatc, 3'PbjA8 a O„PbCl a ; os well 
as compounds of lead with the rarer elements, jpcli as 
selcpium, tellurium, selcnic acid, vsnadic acid, etc. 

By far the greater quantity of the total lead •brought into 
the markets of the world is derived from galena. 

•(03 Smelling of Lead .—Lead is on easily reducible metal 
requiring but simple processes for its prediction, and -it was 
produced in England during the Roman occupation in a fariety 
of localities. Numerous pigs of Roman load have been found 
bearing Latin inscriptions. Whether lead was reduced in 
England before this period appears doubtful; the reofains of 
rude furnaces if which lead ore was smelted in early times 
are, however, found in Derbyshire and elsewhere, and are 
termed boles by the inhabitants. In these furnaces, the heat 
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was not urged by an artificial blast of air, but piles of stone were 
built on the westep brow of some eminences as to employ the 
natural currents of air on mountainous places. A mixture of ore 
and charcoal was introduced into the interior of these furnaces, 
the lead being run oat at the bottom after the operation. 

The form of furnace next employed was the ore hearth, a email, 
rectangular blast-fumade blown by bellows worked by means of 
a water wheel. 1 Modifications of this furnace arc/till in use in 
certain localities. * 

About the middlj of the eighteenth century lead smelting in 
reverberatory furnaces appears to have been introduced into 
England fronaflintsliire,' where it was in use in the year 1698. 

Three distinct processes are employed for lead smelting. The 
first of these, known as the otV reduction process (Percy), is 
employed when the ore consists mainly of galena, and is free 
from silica and the sulphides of other metals. The second, or 
carbon reduction process, is employed for less pure ores and 
consists in the roasting of the ore and the subsequent reduction 
of the lead oxide by carbonaceous matter. The third process is 
known as the precipitation process, tho reduction of the lead being 
effected by metallic iron; this is chiefly practised In France, 
Germany, Spain, and North America, where the ore contains 
other ‘metals' such as copper, antimony, and arsenic. It is 
however, to be remembered that two or even three of the above 
processus are often worked iu the same furnace with the same 
charge of are. ' 

. In the air raiuftion process the galena is roasted in a reverber¬ 
atory furnace until a portion of the sulphide is converted into 
oxide and sulphate; the temperature is then raised, when 
metollij lead is formed together with sulphur dioxide. • The 
following reactions arc usually given as representing the inter¬ 
action of the Unaltered lend sulphide with the oxide and sulphate : 
2PbO + PbS = 3Pb +'80j. 

PbS0 4 -f PbS = 2Pb + 2SO* 

In presence of an excess of sulphur dioxide, however, lead is 
partially reconverted into sulphide and sulphate: * 

2Pb + 2S0, = PbS + PbSO t . 

1 See H. L. PsUiDBos, "Deemptlon of I«d-Smelting in the North of 
England" * Transaciirmt of lit Katmt Hi,lory Society of Xortiuaberlmd, 
Dvriam* and XnmulU-o* Tyne, rol. !, part i.; al» J. J. Brown, jun., “ Load 
Smelting in the Ore-Hearth," Tmt. Am. /sal. Hm. Eny., 1911,18, 402. 

* Jenkiadand Smith, Broc. (In. Sec., 1897.13,104; Sohcogk and Raeebooh, 
Ac., 1907, 40, 1185, 2947. 
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The reverberatory furnaces need for the English process of 
lead smelting are of two kinds, the Flintehii^ furnace and the 
flowing furnace, lie difference between these is tlat in the 
first the slag is raked out in pasty lumps, whereas in the flowing 
furnace the slag is tapped out in the molten state and termed 
run-slag. The reaction which takes place during the early stages 
of reduction is identical in both cases, but, in the flowing furnace, 
metallic iroflhis^added to assist in the reduction of sulphide of 
lead. 

Pig. 187 shows the construction of the Flintshire furnace. The 
usual charge of ore is 20 cwt. This is introduced by means of 1 
a hopper (T) in the arch of the furnace. ThW) earth of tte 
furnace (B) is hollowed out as shown in the figure to permit 




the lead to &>w through a tapping bole into an iron pot placed 
in font of the furnace. The charge is evenly spread qver the 
surface and gently heated, the ore being well rabbled at intervals, 
and the temperature carefully regulated by opening or closing 
the various doors,' so as to maintain the mass as hot as is possible 
without causing it to clot together; a portion of the sulphide 
is oxidised to oxide and sulphate, and the mass thus prepared 
for the following stage of the operation. During this jfert of 
the process the skimmings from the lead run off from the previous 
operation, which consist chiefly of lead containing a little sulphide, 
are lidded, and are quickly acted on by the tead oxide and dtdphate 
with formation g{ metallic lead, which is run off front the tap- 
hole and contains more silver than the subsequent portions of 
the tfetal. After about tyo hours the temperature 14 raised to 
a bright red "heat, the metal being formed in quantity, whilst 
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from time to time, in addition to stirring the mass, a small 
quantity of lime ia added to stiffen the unreduced portion. This 
part of the process extends over an hour, and then for three- 
quarters of an hour the* temperature is further raised and an 
additional small quantity of lime added, which besides lessening 
the fusibility of the mass also liberates any lead oxide which 
may have combined with the silica, and allows it to be reduced 
by tho lead sulphide. Finally, the furnace is r^i|<H for three- 
quarters of an hout to the highest attainable temperature and 
a sufficient quantity of lime added partially to solidify the 
slog, wliich is raked out, and the lead run off from the tap-hole 
i« tho usual wanner. 

The grey slag obtained may contain as much as 40 per cent, of 
lead, and is further worked up in the slag-hearth, which is a 
small shaft furnace, or may be mixed in with the charge foT the 
larger blast furnaces. 

Reduction of Lead in Blast Furnaces.—This is the method now 
most generally adopted, as it is suitable for any class of ore and 
the percentage of lead may be much lower than that necessary 
for the other methods, whilst the presence of silica to a certain 
.extent is not disadvantageous. Foroorcs such as those which 
occur in the Harz, where the galena is mixed with iron and 
copper pyrites, zinc blende, fahl-ore, boumonite, and xinckenitc, 
the blast furnace method gives the best results, and this is 
suitable also for the reduction of the oxideB or carbonates of 
lead. The process for sulphide ores consists first in roasting 
to get rid of sulphur and then smelting the ntested ore with 
fluxes and reducing agents in the blast furnace. The roasting 
was formerly effected in heaps, in shaft furnaces or reverberatory 
furnace#, the latter being worked by band or mechanically. 

8 everol new methods of roasting galena have been introduced, 
in which tho’ore is mixed with lime, gypsum, oxide of iron or 
other material, damped and fed on to a small fro in a converter- 
shaped vessel, through which air is blown, 1 or fed on to some 
type of sintering machine such as is used in the various 
Bwigtft-Lloyd a processes for down-draft roasting. The chief 
advantage of these processes lies in the fact that the product 
obtained is very suitable for blast-furnace treatment, but 

' Mineral 1ml retry, 1805, 14, 402: hm also “ Lo*d Smelting and Reihimg," 
b# W. Jl. h.igell», published by tho £ngixeeritg nit Jilting Journal, 1806: . 
ior '• TM) Theory of HJiut RoMtiag of Galcnu," «eo Bannuter, Trots. JntL 
Jilt, ami Mel., 1812. O, 348. 

• Report if StuenlA Inlernat. Cong. Jpp. Ohtm., 1909, III. A, 20. 



besides this the coat is leas, the losses of metal are less, and the 
production of fine material is greatly reduced. , 

The blast furnace mostly used for leaf! and silver-lead smelting 



is rectangular in plan, about 44 inches wide and 1^4 inches 
long inside at ttfe tuyere level. Fig. 188 is a section of touch a 
lumafe, which comprises a crucible portion (A), a shaft (B), ex¬ 
tending from the crucible fo the feed-floor (C), and a stack from 
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the feed-floor upwards. The furnaces are water-jacketed about the 
lower portion or bosh of the shaft, these jackets being made of 
cast iron or of steel, agd through them water circulates con¬ 
tinually. These jackets are shown at 1), and through the side 
jackets the tuyeres (8) pass into tha furnace. The shaft above 
these jackets is lined with firebrick, although in the newer 
furnaces the water jadket* arc carrier! to the top. 

An Arents syphon tap is often fitted to theienrcible portion 
of these furnaces for continuously drawing off the lead. When 
the ores contain ooppcr the roasting is not carried so far, a 
certain amount of sulphur being left in the ore to combine with 
the copper fof“thc formation of a cupriferous matte, and in this 
case a certain amount of unaltered lead Bulphide will always be 
present in the matte. The furnace charge consists of a mixture 
of roasted ore, carbonaceous fuel, generally coke or a mixture 
of coke and charcoal, old slags and fluxes. The fluxes most 
used a«> ferruginous ores, often carrying silver or gold, which is 
collected partly in the lead and partly in the matte if this be 
also formed,” ferruginous slags containing afl excess of ferrous 
oxide, and sometimes lime or limestone. The slag should con¬ 
tain between 30 and 35 per cent, of fetrous oxide, between 10 and 
30 pej cent, pf lime, and between 30 and 50 i>er cent, of silica. 
The lead present in the form of oxide is reduced partly by the 
carbon monoxide in the gases and partly by solid carbon; that 
present as sulphide, by iron, generally formed by reduction of 
the oxide of iron present in thu charge. Any silicate present 
iB reduced by tfie action of carbon in the presence of ferrous 
oxide or lime, and any lead sulphate present is reduced by 
reaction with sulphide, or is converted into sulphide by the action 
of carbon slid this sulphide reduced by metallic iron. * 
Softening of lead.—The lead produced in these proceeds is 
hard, owing" to the presence of small quantities of antimony, 
arsenic, copper, sine, iron, tin, bismuth, and sulphur, and it is 
necessary to remove these in order to render the lead marketable. 
Silvers also generally present and is removed by special pro¬ 
cesses, which are described later, and which enable the silver to 
be recovered. It ia also necessary to remove impurities before 
deeilvyisation, as copper, antimony and arsenic interfere jrith 
the Pattinaon process, and these, together with nickel and Abalt, 
fnterf4re"with Parkea's process. • • * 

For the purpose of removing the impurities, the lead is 
melted in a reverberatory furnace at% low temperature. Copper 
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form* an alloy with soma of tba lead which is less fusible than 
lead itself and this teparat-es out as a scum on the qjolten lead 
and may be removed; all the other commonly occurring impurities 
except bismuth are more readily oxidised than lead and are 
oxidised in the furnace together with a portion of the lead, the 
mixed oxides forming a dross on the surface which is removed 
from time to tim^ Bismuth cannot be gat rid of in this manner, 
bnt it is coventrated with the silver in the Pattinson process 
for desilveriRation. The hearths of modern reverberatory 
furnaces for the softening of hard lead consist oi wrought iron 
pans lined with two thicknesses of firebrick and are often water- 
jacketed at the sides to diminish the corrosive action of the 
oxides formed on the material composing the hearth. 

Condensation of Lead Fume .—During the smelting processes 
a large amount of lead fume is carried away in suspension in 
the waste gases from the furnaces, and many devices have been 
introduced for condensing and collecting these furies, for 
subsequent treatment. In many works the arrangement con¬ 
sists merely in hafing very long flues between tho'fumnces and 
the chimney, the amount of condensation depending on the 
length of the flue. In oSher works more complete condensa¬ 
tion is effected by arrangements for lowering the jclocity^of the 
gases, by first passing thfc exit gases through lar^ chambers 
containing baffle plates, and then through iron flue* cooled by. 
the njr. Other methods for condensing the fume consist of 
using a water spray or causing the gases to pass through layers 
of water on their way to the chimney. " Bag houses ” are largely 
uaod for the condensation of lead fume; in the use of these, the 
cooled gases are forced through canvas or twill bags on their 
way*to the chimney. Electrostatic methods of precipitating 
the-fume have been introduced into some works. 

403 Desilvensalion .—Ordinary lead obtained any of the 
above-mentioned processes always contains silver, and a very 
considerable proportion of the silver which now comes into 
the market is obtained from argentiferous galena. In former 
times the only process by which this silver could be extracted 
was cupellation, by which the whole of the lead is oxidised, 
whikt metallic silver remains behind. The oxide then 
to m again reduced to metallic lead. It is, however, generally 
admitted that the process o( cupellation cannot be ecohqpically 
carried on in the case of lead which contains leas than ICO o*. of 
silver to the fan, and consequently, as very large quantities of 
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lead are brought into the market containing smaller quantities 
than this, # a larga portion of this silver ^as lost until Hugh 
Lee Pattinson in the year 1833 obtained a patent for an improved 
method of separating silver from lead, which soon came into 
general uso and by Orbich large quantities of silver are now 
extracted from lead. 

This method depends upon the fifct that i£ lead containing 
a small quantity of silver be melted, and tfce^nelted mass 
allowed to cool, a point is reached at which pore lead begins 
to crystallise out. If the crystals of lead which are thus 
formed be then withdrawn from the remainder of the metal, 
and this process continued until the greater part of the lead 
has been separated, it is found that the liquid which remains 
contains most of the silver. In order to render this process 
economical the lead requires to be repeatedly crystallised in a 
scries of iron pots, the lead rich in silver gradually accnrnu- 
* lating tywards one end of the series, whilst the desilverised or . 
market lead is obtained at the other end. 

The nieltc* lend is first thoroughly skimoittl, then the fire ia 
withdrawn and the lead allowed to cool, care being taken to 
.break off and mix with the liquid moss any portion that may 
solidify on the sides of the pot. When the temperature reaches 
a certain paint small crystals of leudlxgm to form, and at this 
, point the whole mass of metal is continually stirred with an iron 
rod, whereby the crystals sink to the bottom of the pqf and 
accumulate in considerable quantity. A perforated ladle is now 
introduced by mfiins of which the crystals are "removed. The 
operation is thus carried on in successive stages until two-thirds 
or oven seven-eighths of the original lead is removW from the 
pot. Hy this means in an actual working 846 ewt. of original 
lead was separated into 30 owt. of rich lead containing 160 to 
170 os. of silVcr per ton, and 810 cwt. of poor lead containing 
7 to 10 dwt. of silver per ton. The silver is then extracted from 
the rich lead by the process of cupellation (p 461). 

A modification of the Pattinson process, known a3 the Luce- 
Koran process, is now frequently adopted in place of the original 
method. For this oidy two pots arc necessary, vis., an upper or 
melting pot, and a lower or crystallising pot. The former holds 
about 7, and the latter about 21 tons. 

■ The ^bde of working the plant is as follows 1 : The ctys- * 
taliising pot may be supposed to contain 14 tons of lead 

C 

1 1 Cookion, Trent. Newcattie C9tem. Soc 1878., 
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U crystals from a previoi^ operation, and the melting pot 7 tons of 
lead of similar silvef content, already melted; a moderate fire 
is set away in the fire-grate of the crystallising pot, and the 
contents of the melting pot shimmed*ol their dross; the hot 
lead from the latter is then run on the warm crystals in the 
crystallising pot, and with the aid of the moderate fire already 
referred to, the gbolc contents of this pot (now 21 tons) are 
rapidly meltetf yid brought into a working condition, when the 
charge is carefully dammed; the melting pot is at the same 
time charged with 7 tons of lead from a previous operation 
containing one-half the amount of silver in the lead then being 
worked up, as this will be the assay of the crystals resulting 
from the operation about to be performed in the crystallising 
pot. Tho fire under the latter is then drawn, and steam at fifty 
to fifty-five pounds pressure per square ineh admitted and dis¬ 
tributed evenly by means of a baffle plate. To hasten the 
cooling and consequent crystallisation, thin streams of water 
are allowed to run on to the surface of the lead, the crystallisation 
being mote perfcct*than in the old 1’attinson process. As soon 
as two-thirds of the lead has crystallised out, the rich liquid lead 
is tapped off, the crystals heing retained in the pot by means of 
perforated plates. The liquid lead is run into moulds and awaits 
its turn for further treatmeut* The proportion of*silver fn the 
crystals is thus reduced to one-half, whilst that, in the liquid 
fun off is doubled, and this process of reorystallising is repeated 
as in Pattinson's process, until the crystals are sufficiently poor 
in silver not to ’require further treatment, an# the rich lead is 
worked up until its silver content is of the standard fit for 
cupellation. •* 

Thi* process has the advantage over that of Pattinsonyhat a 
great saving is effected in fuel and the cosj, of labour, and also 
that, except in the case of very hard lead, no further softening 
process is necessary. The original outlay and expenses for 
repairs are, however, considerably greater. 

Another process for desilverising lead is known as Parkes’s or 
Karsten's ainc process. Molten lead and line do not mix*n all 
proportions, lead being capable of taking only 1-6 per cent, of 
one, whilst rinc takes only 1-2 per cent, of lead, and Karsten, in 
1842* concluded from experiments which he made on the Abject 
that lead gives up all the silver which it contains if meked with 
one, but he did not apply this conclusion to practical metal¬ 
lurgy.* In th$ year 1860 .Alexander Parkes, of Birmingham, 
vqp. n. (ir.) o 



912 


rHS GERMANIUM GROUP 


patented a process for extracting silver from lead by the above- 
mentioned reaction. For a ton of lead ffcntaining 14 oz. of 
silver, 22-1 lb. of zinc are needed and a proportionate amount 
if more silver be present. The alloy of zinc and silver rises 
to the surface during cooling, and when it solidifies it is with¬ 
drawn by means of a perforated ladle. In order to remove 
tho small quantity *>f zinc which is dissolved in the lead, 
tho mixture is heated to dull redness and steamy bfcwn through, 
the zinc bring thereby oxidised, whilst the mam portion of the 
lead remains behind in the marketable state. The zinc-silver 
alloy is first heated to a temperature slightly above the melting 
point of lead it) liquate as much of the latter 8s possible, and 
the residue is heated with carbon in a crucible retort, whereby 
the zinc is distilled oil and collected’ the residual rich silver- 
lead alloy being cupelled in the usual manner. 

Gold and copper, which sometimes occur in market lead, can 
be separated from it in tho same way, inasmuch as these metals 
alloy with zinc even mom readily than docs silver, and this pro¬ 
cess has boon satisfactorily carried out in England by Baker. 
A similar method is employed in the Harz; the lead is there 
molted with O-IG per cent, of zinc, and the alloy is obtained as 
a scum on tho surface, having the composition: 

* Hi Zn (Si Ag 

89-4U 5-78 4-52 0-243 


On a second addition an alloy having the following composition 
is obtained : 1 

Pk Za Cu Ag 

91 05 5-21 3-50 0-238 

Market lead almost always contains traces of antimony, 
copper, and iron, and occasionally of zinc, nickel, and bisrfiuth, 
whilst tho silver which it contains varies from 1 part in 40,000 
to 1 part in 200,000, but since the introduction of the method 
of dcailveriBing by zinc and purification by steam the purity 
of the commercial lead has very much increased. 

Electro-refining of Zend.*—Various attempts have been made 
from time to time to refine lead by an electrolytic process, but 
until .Betts invented bis process in 1901, no great success 
was attained. In this process, the electrolyte consists of lead 

1 llolunx'febcrg, &r. Sul*. Cktm. Ini.. MS. 

’ Seo /.««( Rtfinng b) iialrofyiu, by A. G. Belt* (John Wfley t Son*. 
I0OS). 
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fluogilicate solution; the anodes are cast of the crude lead and 
the cathodes of pare lead. In order to obtain solid deposits of 
ead, the use of addition agents to th$ electrolyte is necessary; 
and in the process gelatine is mostly used, in the proportion 
of 1 part of gelatine to 5,000 parts of solStion. The impurities 
remain in the anode alirae, and pure lead is deposited at the 
cathode, as showy by the following table*: 

' • Cu Hi As 8b M> 

Crude lead 1-40 0-14 7-4 4-0 0-64 87-14 

Pure lead 0-001 0-0022 0-0025 0-8017 

Anode slime 9-3 0-02 44-58 25-32 4-7 10-3 


The following table shows the production of lend ill 1919, by 
the chief lead-producing countries in metric tons : 1 


Australasia . . 

. . . 82,732 tons 

Belgium . . . 

. . . 4,157 „ 

Canada . . . 

. . . 19,506 „ 

Franco . . . 

. . . 10,928 0 

tiernmny . . . 

. . . 50,700 

India .... 

. . . 19,090 .. 

Italy . . .*. 

. . . 16,204 ., 

Mexico . . . 

. . . 70,229 a„ 

Spain .... 

. . . 99,912 * 

United Kingdom 

. . . 13,100 „ 

United States. . 

. . . 385,082 „ 


404 Chemically pure lead is prepared arcoifling to Stas J as 
follows:—A solution of acetate of lead is heated in a leaden 
vessel in coiftact with thin sheet lend to a temperature of from 
40° 50° in order to precipitate silver and copper. Thcrfiltrate 

is then poured into pure, very dilute sulphuric acid, and tho 
lead sulphate formed carefully washed with a*solution of 
ammonium carbonate and ammonia, and thus converted into 
lead carbonate. A portion of this is then converted into lead 
oxide by carefully heating in a platinum basin, whilst tp the 
remaining portion pure dilute nitric acid is added in such 
juantity that a portion of the carbonate remains undissolved. 
the oxide of lead is then added to the boiling solution of the 
titrate in order to precipitate traces of iron, and the filtered 
olution poured into one of pure ammonium carbonate; Tho 

1 If! peri*] Mine ml Rraoura* Bureau,' Statistics] Summary, 1021. 

• BhS. Ataitroj. Iklf.. 1S». 10, 21W. * 
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precipitated lead carbonate ie then reduced by means of 
potassium cyanide? and the metal thus formed fused a second 
time with the cyanide, v^hen it assumes in the molten state a 
convex surface like mercury. 

Lead, purified by Stas's method, has been distilled in a vacuum 
at about 1200° in quartz vessels by Lambert and Cullis 1 ; 
before the admission of air it has a brilliant metallic lustre. 

Properties and Uses of Lead. —Cohen and othcr^have shown 
that lend probably exists in two allotropic forms; this baa been 
confirmed by Jiinccke, who finds a transition point at about 60° 
by tho study of temperature-pressure curves.* 

* Lead can easily bo crystallised in the form of regular oeta- 
liedra by melting, allowing the molten metal partially to solidify, 
and pouring o/T the portion which is still liquid. Similar crys¬ 
tals arc obtained by the electrolytic decomposition of solutions 
of lead suits, using a strong current, but with weak currents plates 
belonging probably to the monoclinic system are formed. It 
is also deposited at the cathode by the electrolysis of dilute 
sulphuric acid with lead electrodes, sometimes in tho spongy 
form consisting of microscopic needles, and sometimes in 
plates.* Similar crystals to these sop&mte out in bright, sliining, 
arborqscent f«rms, known as the lead tree, if a piece of zinc be 
hung up ifl a solution of lead acetate. Lead has a specifio 
gravity of 11•‘254, or, after it has been poured into water, of 
11*303. On hammering it cracks and becomes lighter, bitf if it 
be pressed it attains a specific gravity of 11-388. Richards and 
Wadsworth found that lead, purified by rccrystallisation of the 
acetate und the chloride, prepared by electrolysis and fused in 
pure charcoal vessels in an atmosphere of hydrogen, has a density 
of 11-387 at 20 u . 4 Its atomic heat is 3-00 at — 250°, 4-48 at 
— 23G°, andj>70 at — 188° (Karaeriingh Ounea and Keeaoin '); 
at higher temperatures it increases more slowly and Dulong and 
Petit's law is obeyed. Thus, at — 73° it is 6-18, at 0° 6-31, 
at 136° G-Gl. Its average compressibility between 100 and 500 
megabars is 0-000,002,2 (Richards and Stull).' It is soft and 
tough, may be cut with a knifo, and leaves a streak upon 

1 Jeurn. Chrn. Sot., 1918, 107, 510. 

■ Ze,L Ctum.. 1918, B0, 313. c. 

• Elba amt Rlcon, grit. Klttlnxim.. 1903, 9, JUS; Haber, Zeik not). 
CW, .IBM, 19, 438. See alw Hughea, J. /•*,«.«( Ckta., 19*2, M, 318. 

‘ J. Amer. Clem. Sot.. 1918, 8& 221. 

* Vtniag. K. AM. Wtlaueluippet, 1914, S3, 792. i 
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paper. It can easily be rolled out to thin foil, but it cannot be 
drawn out into fine wire. The presence pf antimony, fine, 
bismuth, arsenic, and silver increases the brittleness of lead. 

. Lead belongs to the class of white metals, though it has a decidedly 
bluish-grey tint indicated by the expression lead-grey. A 
freshly cut surface possesses a bright lustre, which, however, 
soon becomes dull from superficial oxi cation. By the electro¬ 
lysis of leads nit rate \\’ 6 hier obtained a deposit on the negative 
pole of crystallised leaflets of lead possessing a red colour like 
that of copper. These did not dissolve in dilute acids, whilst 
they were soluble in hot nitric acid, and, on dissolving, the colour 
resembled that of copper to the last moment. 1 . Lead melts gt 
327°, and boils under atmospheric pressure at about 1525° 
(Greenwood).* Its vapour density has been measured at 1870° 
by von Wartcnberg ; * its molecular weight has been measured 
by the depresaion of freezing-point method in mercury solution 
by Ramsay *: from both results it is found to be monatomic. < 
Lead has been obtained in the colloidal form by reducing 
a solution of the bichloride with hydrazine hydrate in the cold . 6 

Metallic lead is largely employed in the arts for a great variety 
of purposes on account p£ its softness and pliability, its low # 
melting point, the difficulty with which it undergoes oxidation 
at ordinary temperature* and the fact that it VjthaUhda the 
action of water and of many acids better than most of the^ 
common metals. * 

Tffe most important alloys of lead ore those which it forms 
with tin, which have been described under that metal (p. 880). 

COMPOUNDS OF LEAD. 

> Leah and Oxygen. 

405 Lead forms five compounds with oxygen: 

Lead suboxide, Pb,0, 

Lead monoxide, PbO, 

Lead aewjuioxide, I’b,0,, 

Red lead, Pb,0 4 , 

Lead dioxide, PbO,. 

> Ann. Cktm. Ptorn. Snppl., 1803, *, 13S. 

• Pnx. /leg. So r„ 1900, 82. f/J. 18BO. 

* Ait. .no*. Ctenfc, 1908, 88, 320. 

* Ztil. pV'W- Chan., USt. S. 389. 

• Cottier, Ziil anctf. Cktm., 1902, G, MS. 
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Tim moot important of these is the strongly basic monoxide, 
which corresponds, to the chief scries of salts, in which lead is 
divalent. The dioxide acts as a weak basic oxide towards 
strong acids, as an acidic bxide to strong bases, and also behaves 
in many respects as a peroxide. The sesquioxide and red lead 
are probably salts formed by the combination of the basic 
monoxide and the acidjc dioxide (p. 918). 

Leitd Monoxide, 1'bO.—This compound waa^, known to the 
ancients, as it is formed when lead is heated in contact with the 
air, and is, therefore^ produced in various metallurgical processes. 
The different forms of this compound were, however, regarded as 
Afferent substupccs, giving rise to the names plumbum vilum, 
» roriii plumin', tcoriii un/enti. Quinta, fioXvfi&atira, XiSapyvpos, etc. 
When lead is heated to its point of volatilisation in the air, it 
taken firo and bums with a white light, yielding this oxide, 
which formerly received the nnme of flowers of lead or floret 
plumbi. Lead, when heated in the air, becomes covered with 
a grey film, and if the surface be continually renewed, becomes 
wholly converted into lend-ash, a yellowish grey, pulverulent 
mixture of metallic lead unci yellow monoxide, which, if heated 
,in tiie air for a longer time, is wjiolly converted into the 
latter. This yellow oxide is termed massicot, whilst the other 
form df lead fnonoxide, termed Utharqe, is obtained nt a tera- 
.pemture at which tho oxide fuses, solidifying to a scaly, shining 
mass sometimes yellowish, sometimes inclined to red. 

Crystallised oxide of lead also occurs in nuturc as a jtuueral 
found near Vcn* Crus (Noggerath). The crystals may be 
artificially obtained by allowing litharge to cool slowly; it 
forms rhombic octnhcdra, which nre sometimes also found as a 
deposit Jn thu lead furnaces (Mitseherlicli), and red, tetragonal 
crystals may also be obtained ((leather). Lead oxide possesses 
a colour varying from lemon-yellow to reddish-yellow, and on 
heating assumes a brownish-red tint. Its specific gravity at 4° 
is 9-30 (Joule and Playfair). It is reduced to the metallic state 
by carbonic oxide at 100°, by hydrogen at 310°, and by carbon 1 
in an htmosphere of nitrogen at 530°. Litharge is largely used 
in tho arts, especially for the manufacture of flint glass, and 
as a glaze for earthenware; it is used also for the preparation 
of red lead, lead acetate, lead nitrate, white lead, lead plaSter, 
and drying oils. Commercial litharge contain^ carbon dioxide 
and water absorbed from the air, bat they may be removed by 
, 1 DoeUz oad Graouuiin, HeiaUttrfit, 1907. 4 420. 
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ignition. Not infrequently it contains small quantities of iron 
oxide and copper oiGde, the latter easily removable bj ammonia. 

Sasic lead Hydroxide, PbjOfOIIj,.—This substance is 
obtained os a white precipitate by the action of air and water 
free from carbonic acid upon the metal, is thrown down as a 
white precipitate on the addition of nmmoDia or a fixed alkali 
to a lead salt; ^lis, however, dissolves an a large excess of the 
reagent and ttjc solution contains a phwilnle, JI-l’bOOR, in 
which the normal hydroxide acts as a weak monobasic acid. 1 
The basic hydroxide is obtained in colourless tetragonal crystals 
by exposing a cold solution of lead monoxide in caustic potash 
to the air, the carbon dioxide in the latter conveiting the caugtk 
potash into potassium carbonate. 

The compound Fbj(>,(OU), is fanned according to l’aycn as 
follows:—100 parts of a solution of basic acetate of lead, 
PbjOjfCjHjOdj, saturated at 16°, are added to 50 volnmes of 
cold water which has previously been well Iwilcd : admixture 
of 20 parts of ammonia and 30 parts of boiled water is then 
added, and the solution allowed to stand at 25-30°, when tho 
above hydroxide separates out in glittering ortuhedra. 

At 130° lead hydroxide loses a portion, and at 115° the whole,, 
of its water, being then converted into lead oxide. The 
hydroxides of lead as well os the oxide turn meistened red 
litmus paper blue, ns t hey ure somewhat 6u!uble in water. Thejr* 
act qp strong buses but also combine with certain basic oxides. 
Thus when lead oxide is fused with the alkalis, alkaline earths, 
and other metallic oxides, a gloss is funned, add, in consequence 
of this, lead oxide attacks clay crucibles. It dissolves also in 
caustic potash and soda as well as in lime and baryta water, 
yielding yellow liquids. The calcium compound is #slightly 
soluble in water, and crystallises in white needles on cooling. 

Lead Svboxide, Pb,0, is formed when lead oxaj&te is heated 
in an atmosphere free from oxygen to a temperature below 300° 
(Dulong): 

2PbC,O t = Pb,0 + CO+ 3CO„ 

Dr when lead oxide is reduced by CO at 300°.* It is a black, 
relyety powder of specific gravity 8-342 at 18° (Tanynaan),' 
which, when heated in absence of air, or treated with caustic 

' Hutucb, JM. anorg. Ckm., 1*02, 80, 26*. 

> Briilee, Jour*. Chm. Sex.. 1908, 89,154. 

• » IHL margl Ckm., 1901, 87, 304. 
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soda of acids, is decomposed into the metal and the monoxide. 
When lea<} is melted in the air the surface becomes covered 
first with a grey film, which, according to Berielius, consists 
of the auboxide. The suboxide has by some been considered- 
to be an intimate fixture of finely-divided lead and the 
monoxide. Against this view, however, is to be placed the 
fact that mercury docs not dissoh% metallip lead from this 
grey powder, whilst a solution of sugar, which peidiily dissolves 
lead monoxide, does not take up any from this substance. After 
heating, dilute acetic acid or a solution of sugar docs dissolve 
out lead oxide, whilst metallic lead remains behind in the 
•nherent state.* (Add 10 per cent, sodium hydroxide decomposes 
it, forming sodium plumbitc and metallic lead. 

A whole series of monovalent lead salts has recently been 
described by Denham. 1 Hy the action of methyl iodide, bromide, 
and chloride on the suboxide, the corresponding subhalide, 
Pbl, l’yir, or 1‘bCl was obtained. They are sparingly soluble, . 
The subaeetatc, rbC',11,0,. aud the subsulphate, Pb,S0 4> are 
produced by’thc action of acetic anhydride afid methyl sulphate 
on the suboxide. 

Lead Sesquiatide, l’bjOj, is formedivhen a solution of sodium 
hypochlorite is carefully added to a cold caustic jrotash solution 
of lean oxide (Winkelblcch), or when a solution of red lead in 
acetic acid is precipitated by very dilute, ammonia. The action 
of potassium plumbito on jiotoasiiim pluuibate produces p pre¬ 
cipitate of hydrated lead sesquioxide of composition Fb t 0 a ,3H 2 0 
or Pb{Ph{OH)»l.* It w a reddisl)-yellow, amorphous powder 
which does not part with the wholo of its water at 150°. It is 
decomposed by acids into the monoxide and dioxide, and is, 
therefore, considered to be a compound of theje two, PbO.PbOj, 
and may betermed lead meJaplumbale. • 

Red Lead Or Minium, Pbj0 4 ,—This compound was described 
by Pliny, under the name of muttum, but it was at that time 
not sufficiently distinguished from cinnabar and the red sulphide 
of arsenic. Dioscorides, however, mentions that it can be pre¬ 
pared from white lead : “ cerutsa, si cojucUur rufeecil ” j and 
Geber says : “ plumbum adurilur et fit minium." 

Red lead is usually prepared by carefully heating very finely- 
dividei pure massicot or w hite lead. For this purpose the oxide 
is headed” for about twenty-four hou» either on the flht hearth 

1 Join, CKtm. Sx„ 1917, III, 29; 1918,118, 249; 1919.1U, 109. 

* Belli uni ud PsrretiDO, M. anarj, Clem., 190S, H, J07. 
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of a reverberatory furnace, or in barrel-shaped vessels open at 
both ends, the masS being frequently stirred .and the heat not 
*' allowed to rise above dull redness (about 400°). The brightness 
and beauty of the colour depend much on the care spent on 
the roosting, as these properties are iniluefleed especially by the 
particular molecular condition of the material, and this is 
produced only at.a given (temperature. • 

Bed lead i£ % scarlet, crystalline, granular powder, which, on 
heating, first assumes a finer red colour and afterwards turns 
violet, and lastly black, but on cooling regains.its original tint. 
When more strongly heated, at about 470°, 1 it loses oxygen and 
is converted into the monoxide. Its specific gravity varies frorg 
8-6 to 9-1. Commercial red lead frequently contains the yellow 
oxide, litharge, mixed with it, which may he extracted by 
repeatedly digesting with a solution of lead acetate. Bed 
lead is largely used as a paint and also in the preparation of 
flint glass. For both these purposes it is necessary ^that it 
should be as free as possible from iron, and in this case it is not 
infrequently prepared from white lead. Bed lend as also adul¬ 
terated with oxide of iron, red bole, powdered heavy spar, 
and brick dust. These substances remain undissolved when t 
red lead is digested in warm dilute nitric acid to which a little 
sugar has been added, whilst the red lead is dissolved com¬ 
pletely. Boiling hydrochloric acid extracts sesquioxide of iron • 
from 4 the impure oxide with formation of lead chloride and" 
liberation of chlorine. Like the sesquioxide, it is decomposed 
by acids into the monoxide or a corresponding suit, and the 
dioxide, and is therefore regarded as a compound of two molecules 
of the formter and one of the latter, 21 > b0,l'l>0„ and may be 
temftd lead orthophimbate. # 

l*ad Dioxide, I-ead Peroxide, or Puce-coloured Oxide of Lead, 
PbO,.—This substance was discovered by Scheele, who observed 
that red lead is coloured brown when treated with chlorine 
water, whilst Priestley found that nitrio acid produces the some 
reaction. The properties of the puce-coloured lead oxide were 
more exactly examined by Proust and Vuuquelin. 

Lead dioxide may be prepared according to a variety of 
methods. The. simplest plan ia to act upon red lead with 
dilute nitric acid: 

Pb,0 4 + 4HNO, = PbO, + 2Pb(NO^ + 2H,o“ r 

. 1 Mflbuer, CAtu. Aft, ISOS, U. #50, 900. 
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It ia likewise obtained by the action of chlorine upon lead salts 
in the presence of,alkalis (Wohler), or by tftating a hot solution 
of a pure'lead salt with a soluble hypochlorite (B&ttger): 

PbO,-f- NaCIO = PbOj + Nad. 

It is also prepared by the electrolysis of a solution of sodium 
chloride, in which litlhrgc is suspended. 1 , 

It ia obtained in the dry way by fusing 4 parts <d lead monoxide, 

1 part of potassium chlorate, and 8 parts of nitre (Liebig and 
Wohler). Load oxide is also converted into the dioxide by the 
iction of ozone as well as of hydrogen peroxide. It is deposited 
it tho positive polo when a solution of a lead salt in nitric 
tcid is docom[Kwcd dectrulyticafly.* 

This substance is found native in the form of plattncrite, 
vhioli crystallises in black, hexagonal prisms having a specific 
;mvity of 94. The artificial dioxide sometimes assumes the 
orm ok brownish-black, six-sided tablets, but generally consists * 
>f a dark brown powder buving a specific gravity of 8-9 to 9-2. 

Load dioxide decomposes ou heating intfc oxygen and tho 
nonoxide. It loses oxygon when simply exposed to sunlight, 
cd loud being formed. It ha* a strongly oxidising action, and 
then Jrituratfd with one-sixth of its weight of sulphur, it takes 
ire and b#ns with a brilliant flame,* forming sulphide of lead.* 
Iqueous hypophosphorous acid is at once oxidised with formation 
if lead phosphate. When exposed to sulphur dioxyfc at 
irdinory temperatures it becomes red hot and is converted into 
read sulplmte, wfiilst nitrogen peroxide and even ammonia con¬ 
vert it into lead nitrate. A largo number of organic acids and 
other carbon compounds when triturated with it likewise cause 
evolution of light nud heat. When treated with hydrodhlorio 
acid, chloride of lead and free chlorine arc formed. • 

Lead dioxide is often employed as an oxidising agent, as, for 
instance, in the analysis of organic substances containing sulphur, 
in order to separate the sulphur dioxido from carbon dioxide. 
The fixture of nitrate and dioxide, termed oxidised red lead, 
obtained by treating red lead with nitrio acid, is employed in 
the manufacture of lucifer matches. 

Lea(j dioxide ia capable of acting as a weak basic o^dde, 

1 Ouvmdtt Fabrik, Griuktim-Eltllmn. Carman Patent, 124812. 

’ Wofman, M Kleklrockm., 18*7, S, 837; Hollanl,* fomyt. rant, 1*03, 
1 M, 229, ud otto™, , 

* VauqoeUn, Ann. Cki». PE ft., 1807, ti, 221. , 
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yielding the unstable tetravslent- lead salts, and also as a 
peroxide and an Ecid-forming oxide, forming compounds to 
which the name phtmbaia has been given. Orihofhmktiet 
having the compoaition M l 4 Pb0 4 and mctaplumbates, M',Pb0 3 , 
are known, 1 and the free meiaphmbtc, •acid, l’bO(OH), or 
HjPbOj, is deposited at the positive pole as a black, lustrous 
substance on the,el«;troly«is of a slightly alkaline solution of 
lead sodium tarjrate. 

The orthoplunibates of the alkaline earths arc obtained by 
heating the carbonates or hydroxides with,lead monoxide in 
presence of air, the calcium salt, CaJ'bO,, crystallising with four 
molecules of water in almost colourless, n>ierosco]iic, transparent 
crystals. These compounds evolve oxygen on strongly heating, 
and it has been proposed to utilise this method for obtaining 
oxygen from the atmosphere on tho large scale; the calcium 
salt has also been used ns an oxidising agent" 

The llydrosol of hydrated lead peroxide (plumbic acjd) has 
been prepared by the dialysis of potassium plmnbatf.* 

Potassium Metapkimhale, Kjl'bO,,.311,0, is obtainctUn crystals 
by fusing lead dioxide with excess of caustic potash in a silver 
crucible, dissolving in water, and cvnporating in a vacuum. 4 , 
The solution gives with most metallic salts precipitates of the 
corresponding inetaplmnbatcs. m * 

Calcium MelajdittiilxUr, Cal'bO,,4 H,0, is obtained by digest- _ 
ing the orthoplumbate with sodium peroxide and water, and 
from this other metaplumhatea have been obtained. 6 

Ab already mentioned, lend sesquioxide antfted lead may bo 
regarded as the metaplumbatc and orthoplumbate of lead, 
their constitution being represented by the formula; ]’b"Pb0 3 
and Nbj'TbOj. Lead inctaplurnbate has been prepared from 
the calcium salt and is identical with the sesquioxide. 6 

When calcium meta- or ortlio-plumbate is heated in dry air 
»t 250°, calcium jicrplumbate, Cal’bjO,, is formed.’ 

1 Cumpare Beliacci. Alt i It. Jeeml. Lined, 1005, [ii), 14, i., 867. 

» Kaaaner, ArcA. Pharm., 1890, 228, 100; 1«4, 288. *78; 1898,283,>11. 

' BeJIucci sad Pameano, Alii R. Aeeoi. l.uicci, 1900, J6], li, il,, 882. 

< Ana. CAMS. Phyi., 1844. [3], 12, 400. 

» GrOtcner tod HObncl. Arti. Pharm., 1805, 288, 512. 

* Uplmel, Arch. Mam, 1896.283, 801. 

' Kamer, Arch. Pharm., 1800.287, 400; 1000, 288, 480. 
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Lead and Hydrogen and the ^Halogens. 

406 Laid Hydride.— The existence of a volatile hydride of 
lead was first suspected from the behaviour of one of its radio¬ 
active isotopes. Attempts to prepare this compound from ordi¬ 
nary (non-radioactive) lead, by the action of acids on its mag¬ 
nesium alloy, failedbut Paneth and Norring have succeeded 
in obtaining it by a combined electrolysis-s^ark process. The 
electrode gases contain small amounts of a volatile hydride of 
lead of unknown composition, which can be condensed by liquid 
air and which re-evaporstes without decomposition. When 
^passed through a heated Marsh tube, it is decomposed, with the 
formation of a dull grey deposit of lead . 1 

lend Fluoride, PbF,.—This compound is obtained by heating 
lead oxido or carlsmate with hydrofluoric acid, or by preci¬ 
pitating a lend salt with n soluble fluoride. It is a white powder, 
almost insoluble in water ami in Hydrofluoric acid, but fairly 
solublo in hydrochloric and nitric acids. When treated with 
ammouin, on easily solublo basic fluoride is farmed. If a solution 
of lend chloride be precipitated with sodium fluoride, the com- 
pound PbC'lF is formed. The fojmation of this compound 
has been confirmed by the thermal analysis of the system 
PbClj-l'bjf,,* ami a second compound, PbCl„4PbF,, detected. 
The chloro-fluoridu of lead (PbC'lF) is slightly soluble in water, 
* dissolving without decomposition (Hcradiua). 

lend Tetrafiuoridr, PbF v — This compound is probablyTormed 
by the action ofmtrong sulphuric acid on tho acid plumbifluoridc, 
3KF,HF,PbF 4 , but has not been obtained in the pure state. 
Tho foregoing double salt, which is ixomorphous wjth the analo¬ 
gous Jin derivative, is obtained by the action of bydr^uorio 
acid and potassium fluoride on lead tctracetate, or by {using 
lead dioxide with potassium fluoride and treating the product 
with hydrofluoric acid. It forma monoclinic needles which 
evolve hydrogen fluoride at 230°, and at a higher temperature 
yield.free fluorine.* 

Ltnd Chloride, PbCl,. — Dioscorides mentions that yellow 
oxide of lead when brought in contact with common salt and 
warm water becomes white. After the discovery of silver 
chloride, to which the name of horn-silver was given, tht cor* 

• £*~-l62C, 68, [SI 1893. See «1» Pueth, thtthie*. end Schraidt-HebM, 

. Bn., f92J. 66, [SI, 776. 

■ gutdoimin!, AUi B. Aaai. Uwi, 1911,(81, BO, !., 172. 

• Bnunr, Jour*. Chat. 8k, 1894, 86 , 398. , 
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responding lead compound was termed horn-lead (plumbum 
comeum). Lead chloride occurs native in the craters of vol¬ 
canoes as the mineral cotunnite. Lead combines with chlorine, 
but slowly, and without incandescence, Dilute hydrochloric 
acid dissolves the metal only in the presAcc of.air, and then 
but slowly. The boiling concentrated acid, however, con¬ 
verts it into chlqpde with* evolution of'hydrogen gas. Lead 
chloride is easiljl prepared by the action of hydrochloric acid on 
the oxido or carbonate, and also by the precipitation of a toler¬ 
ably concentrated solution of a lead salt by means of hydro¬ 
chloric acid or a soluble chloride. It is thus obtained in the 
form of a white, crystalline precipitate, ol which 31)0 parts oh 
water dissolve 0-909 part at 15°, and 3-2 parts at 100°. The 
salt crystallises, when a boiling solution is cooled, in white, 
silky, rhombic needles, having a specific gravity of 5-8. It 
is less soluble in dilute hydrochloric acid and solutions of 
chlorides than in pure water, but dissolves more ftpely in 
concentrated hydrochloric acid; hence a precipitate may be 
obtained by addirfg water to the latter solution? whilst the 
aqueous solution is precipitated by hydrochloric acid. It also 
dissolves readily in the solutions of the acetates and thiosul¬ 
phates of tho alkali metals. When heated in abseqeeof air. lead 
chloride melts at about 185°, solidifying on cooliug a white, 
translucent, horny mass; it volatilises at a tcnijwreture of,. 
861-9j4°, the vapour having a density of 5-8, corresponding 
to the formula PbC'l,. 1 

Lead yields a large number of oxychlorides.* The compound 
PbCl,,PbO occurs as the mineral inatloekile, and may he obtained 
artificially by igniting the chloride in tho air till no further 
fume* are evolved. The mineral meiidipite has the composition 
PbC4,,2PI>0, and numerous others, sonic of which contain water 
of crystallisation, have been prepared. Ruer 2 hks examined 
the freeling points of mixtures of lead oxide and lead chloride, 
and has obtained evidence of the existence of the compounds, 
PbCl,,PbO, PbCl„2PbO, and PbC1„4PbO. The hydrate 
Pbdj,Pb0,H,O, which may also be formulated as lead hyaroxy- 
chloride, Pb(OH)Q, and occurs as the mineral iaurionite, was 
formerly prepared by a process patented by Pattinson in 1849. 
In fiiis process chloride of lead is first prepared from finely 
pulverised galena and concentrated hydrochloric acid ~4his is 

■ Kotcoe. Pm. Roy. 8oe„ 18 ?*, 27 , 428 . 

* Zeit. anerg. Ckcm., 1900 , 49 , 966 . 
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then dissolved in water and mixed with lime-water in certain 
definite proportions; a snow-white precipitate having the 
composition given above is thrown down, which was at one 
time used as a paint in place of white lead. 

A hydrated oxychloride is likewise obtained by warming 
lead oxide with a solution of common salt (Scheele), caustic soda 
being produced at tlto same time. * In the year 1787 Turner 
took out a potent for the purpose of prcparinfpcaustic soda by 
the reaction, and found that the residue when heated became 
anhydrous and possessed a yellow colour. This oxychloride is 
known under tlio name of Turner’s yellow or patent yellow. 
A'auquelin then showed that when lead chloride and lead oxide 
arc fused together, a yellow-coloured body is obtained. This is 
known as Vessel yellow, and is prepared by fusing together 
1 part of ammonium chloride and about 10 ports of massicot, 
minium, or white lead; a part of the ammonium chloride sub¬ 
limes gndecomposcd, and the resulting compound contains 
about one molecule of chloride to seven molecules of oxide, 
part of the Uad being at the same time reduced by the ammonia. 

I/tad chloride also yields a number of double salts with the 
chlorides of other metals. • 

Lead Tetrafhloride, PbCl 4 .—A solution of this compound is 
obtained by dissolving the dioxide hr well-cooled hydrochloric 
acid, but it is best prepared by passing chlorine into lead di- 
chloride suspended in hydrochloric acid. On addition of 
ammonium chloride, ammonium plumbfchloriile, (Nll^jVbCI,, 
crystallises out-, and the same compound is also formed by 
acting on lead tetracetate with concentrated hydrochloric acid 
and then adding ammonium chloride. 1 It may also* be obtained 
by ther action of hydrochloric acid and ammonium persulphate 
on lead chloride in the cold,* or by the electrolysis of concentrated 
hydrochloric 4 acid with lead electrodes, the cathode being 
placed in a porous pot, when an orange solution of llgl'bCl, 
is formed, and this on addition of ammonia yields the above 
compound* When this compound is added to well-cooled 
sulphurio acid, it yields the tetrachloride, as a yellow, refractive, 
fuming liquid, which readily decomposes into the dichloride and 
chloriup. It has a specific gravity of 3-18 at 0°, solidifies at 
—16° to a yellowish, crystalline mass, and yields a hydrate with 

1 Hutohmaca sod PolUnJ, Jour*. Chtm. Soc., 1800, 69. 212. 

■ Seyeweti and Trawiti, Ctmpl, rnd., 1903, 136. 086. , 

. • 1£lb» and NObling, ZiiL ElMndm.. 1903, 9. 778. 
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a small quantity of water, but in presence of an excess is decom¬ 
posed into lead dioxide and hydrochloric acid. 1 

■Lead Bromide, PbBr 2 .—This compound closely resembles the 
chloride. It is obtained by treating lead oxide with aqueous 
hydrobroraic acid, or by precipitating a lead salt with a solution 
of potassium bromide, when it is thrown down in the form of 
white, Bhining nellies. It‘dissolves in hot water, and has a 
specific gravity «f 6-6. When heated in a closed vessel it fuses, 
forming a red liquid which on cooling solidifies to a white, homy 
mass. Fused in contact with the air, it emit# white fumes und 
leaves o residue of oxybromule, PbBrj.PbO, forming a pearly, 
yellow masR, whilst the hydraletl osybroinide, lMiBr s ,PbO,If s O 
or PbBrOII, has been prepared by heating a mixture of solutions 
of sodium bromide and lead acetate. 1 

Lead Iodide, P|)I a . -Ifydrimlic acid easily dissolves lead, and 
the iodide separates out from a concentrated solution in beauti¬ 
ful yellow crystals (Dcvillc). When a solution of le%d salt 
is mixed with a soluble iodide, a yellow precipitate of lead iodide 
is formed. This is Soluble in 1,235 parts of cold artft 194 parts 
of boiling water, giving rise to a colourless solution from which 
the iodide separates out on«cooling in yellow lamina; resembling 
those of mosaic gold. The specific gravity of this compound is 
<vl; on heating, it becomes reddish-yellow, then bright red, 
and lastly brownish-black; it melts in a closed tube to a reddish-, 
brownjiquid which solidifies to a yellow, crystalline mass, and 
may be sublimed unchanged by heating in carbon dioxide.* 
Like the chloride and bromide, it forms basic salts. 

A number of mixed halogen compounds of lead have been 
described, which are mostly prepared by the action of the 
halogen salts of potassium or ammonium on those of lead. In 
this way the compounds PbFBr, PbICI, and PbBrCI arc stated 
to be formed, as well as double compounds of th&e with the 
halogen salts of ammonia. 4 There is, however, some doubt as to 
whether these are true compounds or isumorphoua mixtures. 1 

1 Friedrich, ilonatek., 1893, 14, 305; Clown, ZdL an org. Chem., IS03, 4. 
100. 

' do Schultes, Bull. 3x.frm t . Kin., 1887, 20, 180. 

* Schicoturbslroff, J. Rum. Hy. Cheat. Hoc., 1903,17, 812. 

* Thornu, Compl. tend.. 1808. 128. 1340; 1280. 128, 1214; 1320. 8«IL 
See. aiM., 1698, >3J. 19. 606; Fonm-Diicor, iUd., 1807, [*], 17. 3*0. 

‘ Hcrty uul Bcgg, d. A net. Chen. See., 1807,19,820. 
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i Leal and Sulphdb. 1 ' 

407 Lead Sulphide, PbS, occur in nature as galena, crystallised 
in cubes or in other combinations of the regular system. It pos¬ 
sesses a bluish-grey colour, and has a specific gravity varying 
from 7-25 to 7-7. This mineral was known to the ancients 
under its present name, but the fact that it contained sulphur 
was not recognised until after some time. TKlia even Knnkel 
was unacquainted with this fact, though Boyle' was aware that 
when galena is hefeted with scrap iron metallic lead is formed, 
and recommended this mode of producing lead. 

When sulphur vapour is led over metallic lead it takes fire 
and burns, forming a crystalline sulphide; even tolerably thick 
strijM of lead take fire in sulphur vapour, depositing half-fused 
globules of lead sulphide. It can also bo prepared by fusing 
lead oxide with an excess of sulphur. When sulphuretted hydro¬ 
gen is passed into a solution ol lead nitrate, an amorphous, black 
precipitate is formed, but if the gas be passed into a dilute solution 
of the salt containing nitric acid a crystalline precipitate is 
obtained, consisting of microscopic cubes (Muck). 

Sulphide of load fuses at u strong red heat-at 1120° ± 10° 
according to -Friedrich * - and when heated in a current ol many 
gasra sublimes in cubes which olten liave a diameter of 1-5 him. 
Crystals of galena are often obtained in lead works in a similar 
way. On the other hand, octahedral crystals may be ottained 
by fusing 1 pn$ of the precipitated Bulphido with 6 part* 
of potash and 6 parts of sulphur (Schneider). Nitric acid 
converts galena, with separation of sulphur, partly into the 
nitrate and partly into the sulphate, the latter compound beinf 
formed in the largest quantity when the acid is strongest.' Hoi 
concentrated hydrochloric acid dissolves it rdth evolution 0 : 
sulphuretted hydrogen. 

When an aqueous solution of a lead salt containing an eiceai 
of hydrochloric acid is treated with a small quantity of sul 
phuretted hydrogen a yellowish- to dark-red precipitate is obtainer 
which consist* of a double chloride and sulphide of lead 
According to Hlinenfeld,* this precipitate has the compositioi 
31‘bS^PbCl^ whilst Parmentier * found the compoeitior 
PbS.PbCS,; it is converted by an excess of sulphuretted hydrogel 

* A TjrfroU«i«oJ way of otimUine oru of Jnri. 

■ Udalltrtie, 1W7,1 47S; 19CS, *, H. 

• J. re. J)«., 18M, 7. n. * CompL rod., ISM, Ui *99- 
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into lead sulphide, and loses lead chloride on treatment with hot 
water. The compouhd PbS.LPbCl, has been obtained by diluting 
a solution of lead sulphide in concentrated hydrochloric acid, 
whilst similar compounds with lead bromide and iodide have 
also been prepared. 1 * 

A polysulphide of lead, PbS s , is formed by the action of 
caloium polysulplpde on l&d nitrate at*0°, as a purplish-red 
precipitate whiafc decomposes rapidly at ordinary temperatures 
into the monosulphide and sulphur. 1 

Lead Sulphate, PbS0 4 .—This .substance ig found native as 
lead vitriol or anglesite in transparent, rhombic crystals, iso- 
morphous with those of celostine and heavy-spar? or as pseudo-* 
morphs of galena. It is obtained as a white powder by pre¬ 
cipitating a lead salt with sulphuric acid or a soluble sulphate. 
If a layer of water be poured on to a saturated solution of potass¬ 
ium sulphate, and a platinum wire on which some lead chloride 
has been fused allowed to dip into the water, crystals pf lead 
sulphate are gradually formed.* It may also bo formed by the 
action of sulphur dlbxide on lead peroxide. 4 Lead dhlphato has 
a specific gravity of 6-2 to 6-3. It melts at about 1100° wit.hou 
decomposition. One part ef the salt dissolves in 21,739 part 
of cold water, 12,135 parte according to Schnal,* yd in 35,50' 
parte of dilute suiphurio acid, whilst concentrated sulphuric acii 
can take up about 6 per cent, of the compound. It also dissolve 
in waiji ammonia and caustic potash, and in hot hydrochloric 
acid with formation of lead chloride. Sulphate of lead is likewise 
very readily soluble in ammoniacal salts, especially in the acetate; 
calcium acetate and many other salts also dissolve it. 

When lead Sulphate is boiled with concentrated sulphuric acid, 
it is dissolved and is afterwards deposited in crystals, andrif tbo 
mother-liquor allowed to stand in contact with moist air 
crystals of the aoid sulphate, PbSO^U^O^II.O, similar to those 
of the corresponding barium salt, are formed. 

When the normal salt is treated with ammonia the basic 

sulphate, PbjSOj or 0<p^^>S0„ is formed. The sames salt 

is obtained in microscopic needles when an excess of a hot solu¬ 
tion of sodium sulphate is added to basic lead formate (Bsrfocd). 

1 Unbar, J. Amer. Chm. Sec., IMS, 17, ill; 1901, tt, 380. 

• Bodroux, Cpmpt. rend., 1900,138, 1197. 

• Muron, AnnaUn, 1852, 9B, 3SO. 

l‘ Mahno, Zal. «**?. Choc., 1907, M, 233. 

• Cn.fS.waA, 1909,148,1391 

voa. il (a.) 
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The basic sulphates, PbSO l ,2PbO and PbSO ( 1 3PbO, also 
exist . 1 , * 

Lead Persulphate, PbfSO,)* is obtained at the anode as a 
greenish-yellow, crystalline precipitate when a solution of sul¬ 
phuric acid is electrotyxed below 30“ with an anode of lead placed 
in a porous pot. It is decomposed by water with formation of 
sulphuric acid and lead dioxide, and i* a powerful oxidising agent* 

Jjtad Subsulphate, Pb)80 ( , has been prepare ^ 3 

Lear and Nitrogen and Phosphorus. 

408 Lead Imide, 1’bNll, is obtained by the action of potass- 
^inide on lead^odide in liquid ammonia, and is a reddish-brown, 
explosive substance. If the lead iodide be in excess, the white 
basic salt, NPbjI.NH,, is obtained. Lead imide reacts with 
potassamide in liquid ammonia at low temperatures to form 
potassium ammono-pluinbito, KN!’b,2|NH,, which loses half 
a molecule of ammonia at — 40" to form the compound 
Ki J b(NH|) v At 0(1", a further molecule of ammonia is lost 
with the production of the explosive compound KNPb,NH s . If 
these substances are treated with ammonium iodide in liquid 
ammonia the successive products arc Jcad imide, an ammonohasic 
lead iodide, Pb^NIf^l, and load iodide. Lead imide is an 
amphbteric electrolyte in liquid ammonia . 4 

Lead Nitrite, l'b(N0 3 ) t .~This substance is most readily 
obtained by decomposing silver nitrite with lead chloride 
and concentrating the solution in a vacuum, when yellow prisms 
separate out width arc easily soluble in water. Ou evaporating 
the solution, nitric oxide is evolved, and a basic salt remains 
behind. Jf lead nitrate be digested with water in- contact with 
finelyyfivided metallic lead for a few hours at a temperature 
of 75°, a yellow solution is formed, which 01 ^cooling deposits 
the basic double salt, Pb{NOj)OII,Pb(NO,)OH, in glittering 
yellow plates, Proust, who first obtained this compound, 
considered it to he a nitrate of a suboxide of lead, whilst Bereeliua 
viewed it as a simple basic nitrite. If its solution be boiled 
with'metallic lead and a large quantity of water, orange-yellow 
prisms separate out on cooling, basing the composition 
Pb(N0,>„l , b(N0 3 )„51 , b0 > 3H ! 0. This salt was formerly termed 

1 Sofcenck siut UmUcS. ftr., 1908, 41, »17. 

• Ifesnd Kwher. hit . F.leilmtam., 1W0, 7. MS. 

» DriikM), Jimrn. (fen. See., 1919, lli. 109. 

* PruiltJin, J. Awr. Cktm.Hoe,, 1D05, 87, &J0; wid J. Pkytkal Chc%* 1911, 
14,609. • 



mo AND NITROGEN AND PHOSPHORUS 


8 » 


• 

lead kypmilrate. If lead nitrate be boiled with one and a hall 
times ite weight of*lead and fifty times its weight of water for 
twelve hours in a long-necked flask, pale red needles of basic 
nitrite of lead, PtyNOJj.SPbO.HjO, are formed. Other basic 
nitrites of lead are known. 1 t 

Lead Nitrate , Pb(N0 3 ),.—Lead nitrate is first mentioned 
in the Alchymia of Libavius. It is bye termed calx plumb, 
dulcis. “ fit jpe'r aquaw fortcui comminute plmubo affusam 
vase in aqua frigidu locato. Fit instar crystullorum." Lead 
dissolves slowly in warm dilute nitric arid. Lead nitrate, or 
lead saltpetre, us it is sometimes called, is prepared on the large 
scale by dissolving lead scale or litharge in hot dilute nitric ociiL 
having a specific gravity of 1-35. The solution is overrated 
until it attains a specific gravity of 1-6, and is then allowed to 
cool in earthenware vessels, when the suit separates out in milk- 
white, regular octahcdra exhibiting a combination of the regular 
dodecahedron. If a cold solution of the salt be allowed to under¬ 
go spontaneous evaporation, transparent octahedral crystals 
are formed (Knop^. It has a specific gravity of I'Island on dis¬ 
solving in water gives rise to a reduction of temperature; 100 
parts of water dissolve, according to Mulder, ns follows: 

At 0“ 10* 20* 40° W HO' 100* 

I’tyNOj), 36-5 44-4* 53-3 03-4 880 107% •127*0 

It scarcely dissolves in strong alcohol and is only slightly solubln 
in aqueous alcohol. Its aqueous solution is precipitated by 
nitric acid. It has an astringent, metallic ^aste, decrepitates 
when heated, detonates with brilliant sparks when t hrown ujion 
red-hot charcoal, and deflagrates when triturated with sulphur. 
When heated in a sealed tube at 357°, it decomposes partially 
according to ths equation: * • 

* PbfNOjj ^ I’bO + O -f 2N(J r . 

The salt is largely used in dyeing and calico-printing, for the 
preparation of mordants and of chrome-yellow. 

When the normal salt is boiled with an equal weight of lead 
oxide and water, crystals of a baric nitrate, I’b(NO a )Oll, are 
thrown down on cooling. These are sparingly soluble in cold 
and^ more readily, soluble in hot water. When gently^ heated 
it is converted into red lead. If'a solution of the normal salt 

1 Compare CMltaBtli, Alii A. Aaad. Lineti, 1BUS. (81.17. •>-, 377 33 47*. 

* lUe Ireland. J. Aw. Chtm. Stt., 1904, £6, 391 ; Morgan, J. I'hftieal 
CtemU 1904, &.4I0. 







be precipitated with a slight ezceas of ammonia, and the solution 
heated in a closed vessel with the addition oh some of the normal 
salt until the amelf of ammonia has almost disappeared, a bade 
nitrate is formed, having the composition 2Pb(NO J )OH,PbO. 
It is a white powder slightly soluble in water. When an ezceas 
of ammonia is employed the compound Pb(NO^OH,2PbO is 
thrown down as a whif$ powder. • 

Phosphates of Lead .—When common sodirfej phosphate is 
precipitated by acetate of lead a white precipitate of normal 
lead orthophosphate^ Pb 3 (P0 4 ),, is formed. If a boiling solution 
of lead nitrate be precipitated by phosphoric aoid, a glittering 
\jhitc, crystalline precipitate of HPbPOj is produoed, and the 
same compound is obtained in the form of crystalline needles 
when lead pyrophosphate is heated with water to 250°. The 
pyrophosphate and metaphosphate of lead are white precipitates. 

Tho following minerals are lead phosphates and arsenates 
i isomorphoua with apatite: 

Pyroraorphite, Pb,(POj,.Pb 1 Cl(PO ,) 1 
Polysphmrite, (Pb,Ca) 1 (PO 4 )„(Pb,Ca)jCl(P0 1 ), 

Mimctitc, Pb^Aa0 4 ) t ,Pb 1 Cl(Aa0 4 ) 1 
. Oampylite, Pb J [<Aa,P)O 1 ] t ,Pt*Cl[(As ) P)0 4 ]. 

Sonu^of the*chlorinc is usually replaced by fluorine. 

Borates of Lead.—It boron trioxide* and lead oxide bo fused 
• together in the prt>i>ortiou of two molecules of the former to three 
of tho latter, a yellowish soft glass is obtained, which softens 
when exposed to tho action of hot oil. If double the weight 
of boron trioxide be employed tho glass obtained is harder and 
less coloured, and if three times the weight be used a colourless 
glass is obtained, which possesses the bardnew of flint alas* 
and refUcts light much more powerfully . 1 When a lead salt 
is precipitated with borax, a compound having the composition 
P^BjOh^HjO is formed, and this when warmed with Btrong 
ammonia is converted into a heavy, white powder having the 
composition PbB^.HjO, which again, when boiled with a 
solution of boric acid, yields amorphous PbB 4 0,,4Hj0.* 

Lead and Carbon and Silicon. 

409 Carbonates of l^ad.—Normal Lead Carbonate, Pb(J0„ 
occurs as oorussite or white carbonate of lead in rhombic crystals 

1 FataSaj, “ On I be MatmlacUu* of Optical 01m," HA Troni., 1SS0, 
UO, I. 

1 But iMfSlao, ThomfaOQ, Trt m. As ft, Ceram, See., ISIS-)#, 18. 6lff. 
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bomorphoua with ajagonite, and also as pseudomorphs of galena 
and lead sulphate. The same compound is formed by precipi¬ 
tating a cold eolation of lead acetate by ammonium carbonate 
(Berzelius), or by passing carbon dioxide ^nto a dilute solution 
of lead acetate (Rose). Cerussite forms colourless, transparent, 
lustrous crystals, having a specific gravity of 6-46, whilst the 
precipitated carbonate has a specific gravity of 6-43. It is 
scarcely soluble in water, one part dissolving in 60,500 parts of 
water at the ordinary temperature, but in presence of amraoniaca) 
salts it is somewhat more soluble (Fresenhis). A solution of 
carbon dioxide in water also dissolves it slowly. 

Lead forms several basic carbonates, among which uhth 
lead is the most important, since it is manufactured on a very 
large scale. In the pure stats this compound consists of 
2PbCO,,Pb(OH),, but the commercial product usually contains 
the normal carbonate in addition. 

White Lead has long been known, being called tyiphOtov by 
Theophrastus. TJc process of manufacture as desjribcd by him 
consisted in the action of vinegar on lead, the material foimcd 
being scraped off after a time from the surface of the metal. 
Pliny mentions the same* subject under tbs name of centra' 
and describes the above method of manufacture. »He also states 
that it may be obtained by dissolving lead in vinegar and evaporat¬ 
ing to dryness. Thus it would appear that the difference between' 
whit#lead and sugar of lead was not known. The Latin Gebcr 
describes the manufacture as follows: "fljumbum ponendo 
super vaporem aceti fit cerussa,” a description which accords 
with the method employed even' up to the present day. For 
som^ time white lead was supposed to bo a compound of calx 
of lead with vinegar, and it was not until 1774 that Bergman 
showed that white lead contained lead calx and fixe^air, and gave 
to it the name of “ luftsaurer blei-kalk ” or " calx plumbi arats." 

The oldest process for the manufacture of white lead is known 
as.the Dutch proce/i. In this method conical glazed earthenware 
pots, 8 inches wide, are filled to one-fourth of their depth with 
malt vinegar. At one-third of the height of the pot from the 
bottom are three projecting points on which a cross-piece of 
wood is laid, and on this are placed vertically a numbereof thin 
leaden plates rolled up into a spiral, and tbe whole is covered with 
a leaden plate, Much often has hole* pnnebed in it. TOe pots 
are then placed under a shed in rows upon horse dung or spent 
tannery barf and covered with boards; another layer of dong 
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or decomposing bark is laid upon the boards ..and on this another 
row of pots, many rows of pots being thns placed above one 
another, and the whole covered by the tan or dung. By the 
stow oxidation of th^ dung heat is evolved, which assists the 
evaporation ol the vinegar and causes basic lead acetate to be 
formed, and this in contact with the carbon dioxide evolved 
from the putrefaction of the organic matter is converted into 
white lead. In the course of from four to five wicks the greater 
portion of the lead is converted into white lead, the change 
taking place from'without inwards. The white lead is then 
detached, ground into a fino paste whilst moist, washed well 
(o free it from adhering acetate, and dried in small round pots. 
Unwashed white lead contains a considerable quantity (from 2 
to 12 per cent.) of the normal acetate. 

To reduce tho risk of poisoning attending the drying of the 
, whito lead pulp, formed by tho treatment of the corroded lead 
with water, it is customary in somo works to dry the pulp in 
ovens in which a vacuum is maintained. A further improve¬ 
ment, applicable in tho manufacture of paint, is that described 
by Ismay (English Patent 23909, 1895) in which the white lead 
' pulp is mixed with oil in a pug mill*; in this way the greater 
portion of thee water is displaced by the oil, and the last portion 
is driven off from tho paint by surrounding the mill with a 
' beating jacket so arranged that tbo contents arc heated in a 
partial vacuum. In this way tho use of drying stoves ami tho 
dangers attending it arc completely obviated. 

According to the 6'crtnoa method of manufacture, plates of lead 
are hung up in wooden boxes placed in an atmosphere of carbon 
dioxido in heated chambers containing a stratum of acetic acid, 
or the plates are suspended in heated chambers having their 
floors covered with tan and acetic acid. 

The French method , introduced by Th6nard, and the Engliih 
method, suggested by Benson, do not furnish a white lead which 
possesses tho same covering power as that prepared by the 
other methods, The process in these case* consists in passing 
carbon dioxide through a solution of a basic acetate of lead, 
obtained by boiling a solution of lead acetate with litharge. 

Another method, which yields a whits lead of excellent covering 
power, i$ the process patented by Dale and Milner. This con¬ 
sists id carefully grinding between millstone® a mixture of 
litharge, or any insoluble basic lead salt, with water and sodium 
bicarbonate. Milner has improved upon this methtfl by grinding 
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a mixture of 4 parte of finely-divided litharge with 1 part of 
common salt and l6 parte of water. After about 4} hours the 
reaction is complete. The mixture of basic lead chloride and 
caustio soda is then brought into a leaden vessel, well stirred 
with a wooden pestle and a current of dhrbon dioxide passed 
through it until the liquid is neutral. If the carbon dioxide 
be passed in too Jong the product is spotted. 1 

Another prodkss, called, after its discoverer, the Bischof proem, 
is now employed on a large scale at Mond'a works at Brimsdown 
in Middlesex.* Metallic lead is converted* into litharge, and 
the latter is heated at 250-300° in a stream of water gas. It 
is thereby reduced to a black suboxidc of unknown composition 
and this is treated with water, when a yellow hydrate is formed 
with evolution of heat, which is further converted into white 
lead by treatment with carbon dioxide. This process, besides 
being rapidly completed, has the advantage of being carried out 
mechanically, and in such a manner that there is no <Jpst, and * 
thus a great source of danger to the workers is avoided. The 
product has a confposition practically identical with .that formed 
by the German process. 

Several electrolytic proeesses have been proposed, but only a* 
very small amount of white lead is produced by ^bis means.* 

White lead is a whit?, earthy, heavy, amorpbvus ‘powder 
which appears under the microscope to consist of round, trans^. 
parejt globules of the size of from 0-00001 to 0 00004 of an inch 
in diameter. The specific gravity of that prepared by the Dutch 
method is somewhat greater than that prepared by the French 
method, and it therefore absorbs less oil or varnish and gives 
rise to a thicker colour. 

Although it acta as a powerful poison, and is turned black by 
sulphuretted hydrogen, white lead is still almost exclusively 
used as the basis of paint, and has been replaced Only to a very 
small extent by zinc-white or baryta-white. This is accounted 
for by the fact that it possesses a much greater covering power 
and is much more opaque than either of the other two. 

White lead is often mixed with heavy-spar and gypsum. A 
mixture of equal parts of white lead and barium sulphate is 
known as Venetian while, whilst Hamburg white is a mixture of 

1 Patent No. 40$3, 22nd November, 1*70. y 

■ Cam, Fer*. du Vertmt tar Befdrdenaf iu Gmrt/eiuo, Berlin, 180#. 

* isokow, P.R..R, 91707 tad 100143; Browo ud Chaplin CAR, 00I3#I, 

188fl and 6052)2, 1896. • 
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one part of white lead to two of barium sulphate, and Dutch 
white of one part^o three of barium sulphite. The amount of 
this admixture may be readily ascertained by treating a weighed 
portion of the powder with warm dilute nitric add, when the 
barium sulphate remain* behind. 

Lead Cyanide, PbfCNjj, is obtained as a white powder when 
a solution of a normal lead salt is mixed with potassium cyanide. 

It is not soluble in the cyanides of the alkaV metals and is 
decomposed on the addition of an acid. When heated in a 
closed vessel a mixture of lead and charcoal remains behind 
which, if it has not been too strongly heated, is pyrophoric. 

,, Ijtad Cyanate, Pb(CN0) 3 , is obtained by mixing solutions of a 
eyanate and of a soluble lead salt. A dense white precipitate is 
thrown down, which soon assumes the form of slender needles 
ike chloride of lead. Under the action of boiling water lead 
lyanatc is readily and quantitatively hydrolysed into lead 
■arbonajo and urea. 1 

Silicates of Lead.— Silica fuses with lead oxide to form a yellow 
;la*s, and silicates obtained by “ fritting ” lAd oxide with sili- 
ious material arc used by potters for preparing glaree. Glass 
orracd of equal parts of lead oxide and silica does not become 
lull when it is exposed to the action of sulphuretted hydrogen, 
nut if b parte of the glass are fused' with one part of potash, 
tho glaaa produced becomes tarnished on exposure. 1 In a similar 
manner it has been found by Thorpe and Simmondg s thqj, the 
extent to which load silicates are attacked by dilute hydrochloric 
acid depends uptn the proportion of acidic to basic oxides 
present. When there are present in the silicate two or more 
molecules of audio oxides to ono of basic oxide, dilute acid 
dissolves out very little lead, whereas when this proportion 
falls below two, tho silicates are readily attacked. Lead silicate 
forms a constituent of flint glass. The existence of the definite 
compounds 2PbO,8iO, and PbO.SiO, has been proved by various 
methods of investigation, and the existence of the compound 
3PbO,2SiO, is probable.* 

1 Caroming. Jem. CW Sec., 1803, 83, 1381. 

' Faraday, " On lbs Kuafwtan at Optical OLa," PM. Tran*., 1830,. 

. 

* Jem. Clem. Boo., 1801,79,781. 

‘ HDpert and W«Ubr,&r, 1808,49.28C8; Cooper, Shew and Loomle,did, 
3991; ifdpert sod Neoken, (lid, 1810, 43, 3SBS; Cooper, Krone and Klein, 
Jntr.Clem. 1912,47.373. 
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PoisonAus Action o? Lead Salts. 

410 The soluble lead gaits are strongly poisonous and are em¬ 
ployed in medicine. The normal or basic yetate given in doses 
containing 1 to 4 grams of lead mostly produces symptoms of 
acute lead poisoning, whilst 10 grams are spid to be a fatal dose. 

When taken foi»a considerable time in small doses, especially 
in the case of tffe oxides and carbonates, chronic lead poisoning 
is observed. The disease caDed painters’ colio is the chronic 
form of poisoning by carbonate of lead. The symptoms are 
pain in the abdomen, constipation, loss of appetite, tbiret, and 
general emaciation, followed by a complex of nervous symptoms* 
known as lead-palsy, epileptic fits, and total paralysis. 

A very characteristic phenomenon accompanying chronic lead 
poisoning is the appearance of a blue line at the edges of the 
gums due to the deposition of lead sulphide. This line is often 
seen in the case of house-painters and the workmen engaged in 
white lead works, qp well as those occupied in manufactures in 
which white lead is employed, as, for instance, in the manu¬ 
facture of glazed cards. Plumbers and others who have to 
handle metallic lead are also subject to lead poisoning. 

A serious Bource of lead poisoning is the mafeviaj ussd by 
potters for compounding tfieir glazes. This generally consists 
of litharge, white lead, and red lead, which are readily dissolved • 
by th^acids of the gastric juice, and the use of suitable lead 
silicates has been suggested in place of these substances . 1 


The Action of Water upon Lead. 

4 ii^ 3 ince lead acts as a cumulative poison, its salts produce 
serious results if taken into the system even in very minute 
quantities for a length of time. Drinking water is often collected 
in lead-lined cisterns and passes through leaden pipes, and as 
water in certain circumstances can take up notable quanti¬ 
ties of lead it becomes of great importance to determine the 
conditioua under which the solvent action is exerted. A fresh 
bright surface of lead does not tarnish in a perfectly dry atmo¬ 
sphere, nor when sealed up in a vessel filled with pure drilled 
water from which all air has been expelled by boiling. If, 
however, it be w^osed to the united action of air and Water 
the le%d is oxidised to hydroxide, whioh dissolves. After a 
TiorjS sod Slmmood*. Jem. Citm. S*, 1901,79, 781. 
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time, this is converted by the action of the atmospheric carbon 
dioxide into an insoluble basic carbonate. llead hydroxide is then 
again formed, and thus the corrosive action may be continued. 1 

Potable waters always contain a certain amount of salts in 
solution and the corrosive action on lead depends upon the 
nature and quantity of the salts thus present. The ammoniacal 
salts act moat prejudicially on water in this respect; this is 
especially the case with ammonium nitrate, whifh greatly assists 
the oxidation and solution of the lead. Other nitrates do not, 
however, appear to possess this power, and sulphates, phosphates, 
carbonates, and silicates either retard or altogether prevent this 
'action, and h&ico water containing carbonic acid in solution or 
temporarily hard water consisting of a solution of calcium car¬ 
bonate in carbonic acid gives rise to the formation of insolublo 
basic lead carbonate; 1 if, however, an excess of carbon dioxide 
be present, this is dissolved, the water taking up lead in con¬ 
siderable quantity. 

The following tablo (p. 937) contains the results of experi¬ 
ments on - the solubility of lead in water* containing various 
salts in solution. Bright plates of lead having a surface of 
5,600 sq. mm. were placed in flssks’containing 000 c.c. of water 
in whjch then salts were dissolved, and the saline solutions allowed 
to act upon the lead for different periods of time. 1 

Many potable waters act as a solvent of lead, especially waters 
of a peaty nature which contain organic acids (ulmic and humic 
acids) and waters containing little or no free carbonic acid, 
and destitute of calcium and magnesium salts. Occasionally 
otherwise pure waters are found to contain a trace of free sul¬ 
phuric acid sufficient to render tho water plumbo-solvent and 
liablo to causo lead poisoning. 

Epidemics of lead poisoning from such sources have neces¬ 
sitated tho treatment of the water by the addition of calcium 
carbonate (precipitated chalk) alone, if such water contains 
sufficient free carbonic acid to enable 1-5 grains CaCOj per 
gallan to be dissolved, or if the water will not dissolve this amount 
the addition of from 1 to 5 grains of sodium carbonate (Na,CO a ) 
per gallon also. 

* Slo alas Threat, Aailifsl, 1931, 4ft 270; JJveraecge and Knapp, J. Sot. 
Okm. /ad., 1920,19, 27. 

• &W alao Antony and BaneUi. Ota.. 1894. M. ■■.. 97 > 1888, S& ii„ 135. 

» Muir, Pnc. Mite. A. PM Soe., 1875,15, SI; Jour*. Cln. Sot., 1877, 1, 
WO. Sec^lao Came Hey and Frew, J. Soc. Cktm. /*/., 1888,7,15.78; lAkhardt. 
Art*. IW, 1887. [SI St, 85B, 1069; Jttlfer, J. Jr. GW) 1887. [2J. St, 317. 
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NH.NO, . 0-02 

„ . ? . . 0-04 

KNO,. 002 

NaNOj .... 006 

KNO,. 007 

K,S0 4 .... 060 

KNO,. 0-045 

K,CO a .... 0-308, 

CaClj. 025 

NH.NO, .... 0-02 I 

Cad,. 006 

NaJSO, .... 0-02 j 

K.OOj .... 0-04 1 

CaCl, . . . • . MO | 

KjCO, .... 0-31 

Distilled water with egr- | 
bon dioxide at ordinary • 
pressure . . . . . ' 
Ditto with carbon dioxide 1 
at a pressure of about 
6 ^tmospheres . . . ) 

Distilled water. 




In testing for the presence of lead in water it is important to 
avoid any form of filtration, inasmuch as lead salts mordant 
with the filtering paper, and only a small amount of the original 
soluble lead is found in the filtrate . 1 


Detection and Estimation op Lead, 

41 a The soluble lead salts possess a sweet, astringent taste, 
whence the name “ sugar of lead " has been given to the achate, 
and are very poisonous. These two properties of the lead com- 
pounds have been long known, and it became in early times of 
importance to detect the presence of lead, inasmuch as tbe/om- 
pounda of this metal were largely employed for a great variety 
of purposes. Thu*, for instance, the Homans were in the'f&bit 
of boiljpg their poor wines in leaden vessels, and Pliny mentions 
1 Ste, Kollioff, Pl*m WuUM, ittl, U. let * 
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the fact that the point at which the wine, becomes sour can be 
detected by hailing a strip o! lead in it and then observing 
when this undergoes any change in its appearance. In later 
times the addition jf metallic lead to a cask of sour wine was 
said to render it drinkable. At a still later date, litharge 
appears to have beeij employed for the same purpose. It was 
observed that the treatment of wine with lead could be detected 
by the addition of sulphuric add, and in 1707*Zeller suggested 
that an extract of orpiment and lime water (containing, there¬ 
fore, sulphide of dtcium) was an invaluable test for the presence 
of lead, inasmuch as this liquid turns all lead salts hlaok. This 
' reaction led lib the simultaneous suggestion, in 1787, by Four- 
croy and Hahnemann, of the application of water acidified with 
hydrochloric acid and then saturated with sulphuretted hydro¬ 
gen for the detection of lead, and thus the most important 
reagent which wo now employ in analytical chemistry for the 
detection and separation of the metals was introduced. 

Potable pater may be examined in this w fj for lead by pass¬ 
ing sulphuretted hydrogen through water slightly acidified with 
hydrochloric acid. It is, however, to bo remembered that 
many other metals, such as mercury, copper, and bismuth, also 
produce jjlaek precipitates. The absence of those metals must, 
therefore, be ascertained before the presenco of lead can bo cer¬ 
tainly proved. Black lead sulphide can be readily distin¬ 
guished from other black sulphides insoluble in dilute*hydro- 
chloric acid by dissolving it in warm dilute nitric acid and filtering 
the solution; on addition of sulphurio acid to the filtrate, from 
which the excess of acid should be removed by evaporation, 
a white precipitate of lead sulphate is obtained. By raijana of 
this reaction lead may bo detected in the presence of all the 
other meta]e and separated from them. 

Lead compounds, heated before the blowpipe on charcoal, yield 
a malleable bead of lead readily soluble in warm nitric acid, and 
the solution yields a precipitate with sulphuric acid. 

Another characteristic test for lead is, that when present in 
not too dilute solution, a crystalline precipitate of the chloride 
is obtained on the addition of hydrochloric acid. This is soluble 
in beiKng water, and separates out on cooling in crystalline. 
neetHqp. Potassium chromate gives, in the presence of free 
nitric* acid, a fine, yellow precipitate of chronfe yellow, PbCrO*. 
In order to detect small quantities of lead in presence of large 
masses of organic matter, as is necessary in cases'of lead, poison- 
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ing, tiie mass is evaporated to dryness with sodium carbonate, 
the residue ignited gently, and the carbonised mass rubbed 
fine and carefully lixiviated, when small, glittering, heavy spicube 
of metallic lead remain behind. These can be examined as 
already described. • 

Lead is easily estimated gravimetrically in the form of sul¬ 
phate, being precipitated by adding dilute sulphuric acid and 
then two volumes of absolute alcohol. For certain separations 
lead is also estimated as the chloride. In this case the solution 
is precipitated by hydrochloric acid, evaporated on a water-bath, 
and the concentrated liquid treated with a mixture of ether and 
alcohol, in which the chloride is insoluble. Lend oarbonnte and 
lead oxalate are also occasionally used for the estimation of lead, 
being converted by ignition into lead oxide. 

Volumetrically, lead is determined by the titration of the 
solution of lead sulphate in ammonium acetate solution with a 
standard solution of ammonium molybdate, the end point Jx-iug 
detected on a spot plate by means of tannin solution. 1 

Lead is also estinfcted eloctrolytically. When a Alution of 
lead salt, to which B to 7 per cent, of nitric acid has been added, 
is electrolysed, lead peroxide m deposited at the anode. 

Lead compounds impart a pole tint to the non-Iuyiinous gas- 
flame, and this exhibits charasteristic lines in the green (Werflier). 
The spark spectrum of lead contains a largo number of lines 
betwee^ the orange and violet. The brightest and most char¬ 
acteristic of these ace a violet line (4058), a somewhat leas bright 
one in the green (6608), and a fainter one lyinf near the less 
refrangible of the “ D ” lines of Fraunhofer (6876) (Leeoq do 
Boisbaudran). 

The Atomic Weight of lead was determined by Berzelius,* by 
the reduction of pure lead oxide in hydrogen, his results giving 
the number 207-06; later,* during his exporimentaf work on 
the determination of the atomic weight of sulphur, be converted 
lead first into nitrate and then into sulphate, and from his 
results the number 206-90 is obtained, Turner ‘ by a sinjlar 
method obtained 207-04, and Stas 5 206-92. Bsxter and Wilson * 
determined the atomic weight by analyses of lead chloride which 

1 Swabs 8mm, Piarm. Itit., 1920, 85,559, OH; KolUioB. Pham. WuWoi, 
1990,87,934; BIWBOas, Gordon, and Boehnar, Coaoit. Chm. /., 1920,4,199. 

> Irfriae*, 1 1218. • IbH., Oth ed., 8, 1187. 

4 fM. fttuu.. 1839,123. 527. 

* BuHatcod. ivy. Bdf., I860, (2k IB. 298. 

' J. Amo. CUm.&x., 1907, 30, 187. 
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had been previously fused in an atmosphere*of hydrogen chloride; 
from the ratio pf lead chloride to silver* the number 207-088, 
and from the ratio to silver chloride, 207-090 was obtained. 
More recently Baxter and Thorvaldsen 1 have obtained the nnmber 

207- 19 by analysisthe bromide: while Baxter and Grover* 

found the numbers 207-21 and 207-19 by analysis of the chloride 
and bromide. The* weight of silver necessary to precipitate 
the.halogen from a known weight of lead hands, and the weight 
of silver halide produced, were both determined. It was shown 
that lead from npn-radioactive sources (‘ normal ” lead) always 
has the same atomic weight, since the lead used was derived 
from several different minerals and from sources widely separated 
geographically. The mean of these last numbers, 207-20, is 
now (1922) adopted as the atomic weight of lead, though later 
determinations, having as their object the comparison of the 
atomic weights of normal lead with that of lend from radioactive 
souirjM, rather than the absolute value of the atomic weight, 
indicate a slightly lower number. By analysis of the chloride, 
Honrgschmid and Horowitx 'obtain tbo number207-18; Richards 
and Lnmbert 4 207-15: Richards and Wadsworth 4 207-18: and 
Richards aud Hall * 207-19. • 

> , « 

IsororjM or Lead. 

413 The study of radioactivity leads to the belief that there 
are nine isotopes (q.v.) of lead; of these, the final disinftgration 
product of uranium (238), by loas of eight a-particlcs, should 
be lead of atomic weight 206; while the final product of thorium 
(232), by the loss of six a-particles, should be lead of atomic 
weight 208. , 

Confirmation of this was first obtained by Soddy and Hyman,’ 
who found lead derived from thorite, a radioactive mineral 
from Ceylon consisting chiefly of hydrated thorium silicate, 
has an atomic weight of 208-4. It has Bince been amply confirmed 
tha), lead from a radioactive source in which thorium predominates 
ha#a higher atomic weight than normal lead, though the number 

208- 4 is probably too high. Honigschmid 8 obtained the number 
007-90 for lead from Norwegian thorite. Richards and his 
collaborators, and Honigschmid, have shown that lead derived 

7 . Am*. Cktm. 8 k.. 1915, 87, 1081. » JML, 1916.87.10*7. 

» iM. 1915, 88, 3SS. • J. Am*. Chm. Soc., 1914, 39. 13*9. 

4 Ibid.. 1918. 88. 2*7 and *011. • Ibid., 1917,88, 637. , 

* Joy*. Okm. 8x„ 1914,103, 140*. * ZtU. EUtneW, 1919, IS, 91. 
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from a radioactive source in which uranium predominates has 
a lower atomic weight than normal lead; the lowest value 
yet obtained, 206-06, is for lead from a crystallised uranium 
mineral from Morogoro in Tanganyika territory. 

It bas been shown that different isotopes Save the same melting 
point within the limita of experimental error; 1 that their atomic 
volumes are the siyne, for their densities art proportional to their 
atomic weights^ that the solubilities of their nitrates are the 
same, if the results are expressed in moles per litre,* that they 
cannot be separated by fractional crystallisation of their nitrates; 
and that the refractive indices for sodium light of their nitrates 
are the same. Only a slight difference in the position of one lino* 
in the spectra of different isotopes was detected by Soddy and 
Hyman, and has been confirmed by Merton.* 

A possible partial separation of the isotopes of lead by a 
chemical method has been described;* but the results require 
confirmation. • 

The lead content of radioactive minerals is regarded as a 
valuable indication* of their age. Since there is lib evidence 
that all the lead present in a mineral is derived from radioactive 
disintegration, the lead content can only give an upper limit 
to its age* 

■ 

* Rlcbaida and Hall, J. Avar. Cbm. Soc., 1920,42. 1550; Lambert, ZeH. 

a,Urockrm., 1920, 24, 89. ' 

* Softy, Sahut, 1921. 107, 41. 

■ Richard* and Schurab., J. Antr. Ckew. Sat., 1918, 40, 1403. 

* Prat. Boy. Six., 1920, 84. £-4], 3B8; 1921,100, [.4 j. M? 

8 Diiloo, Clarke, and Hiricby, tici. Pror. Boy. iMtfS See., 1922,17, 83. 

* Lawton, SiUHHfAxr. AM. Win. I Kim, 1017, 124, 2a, 721. 
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Sub-group (a). Subgroup fb). 

Nitrogen. Phosphorus. 

Vanadium. Arsenic. 

Columbium (Niobium). Antimony. 

Tantalum. Bismuth. 

413 As in the preceding group (p. 831), the members of the 
two sub-groups resemble ono another, especially in chemical 
properties, very closely, although they differ in certain respects. 

AU the elements of the group are characterised by the exist¬ 
ence of acid-forming oxides of the empirical formula K, 0 6l 
the acidity “of the resulting acid diminishing As the atomic weight 
of the element rises. Thus it is doubtful whether any salts 
of bismuthio acid exist, whereas thu vanadates, arsenates, etc., 
are well-defined and stable salts. 

The elements vanadium, columb'ftinn, and tantalum, which, 
with nitrogen, belong to the even series, combine so readily with 
oxygen that it is difficult to obtain them pure. They all have a 
metallic appearance, and melt and boil only at very high tem¬ 
peratures. They do not form volatile compounds with hydrogen 
or the alcohol radicles. 

The elements of the odd series, phosphorus, arsenic, antimony, 
and bismuth, on the other hand, are easily reduced from their 
oxidea, melt at moderate temperatures, and can all readily be 
volatilised.' They exhibit in their external characteristics the 
gradual passage from a well-marked non-inetallie element 
(phosphorus) to a well-defined metal (bismuth), and the same 
progression is to be traced also in their chemical properties. 
Thus the lower oxide of phosphorus, of the empirical formula 
FjOj, is the anhydride of a well-marked add, but does not yield 
Btdte^eveo with strong acids. Araeuioua oxide yields unstable 
salts with strong adds, such as sulphuric add; the oorreeponA- 
log Oxide of antimony yields more stable saltr, and the trioxide 
of bismuth is entirely devoid of add-forming properties, and 
reacts with adds to form a whole series of salts of-the typeRX 1 * 
Ml 
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The same increase in basicity is observable in the sulphides of 
these elements, ss ssell as in the pentoxidce. > 

Phosphorus, arsenic, and antimony, as well as nitrogen, yield 
very characteristic volatile hydrogen compounds; a hydride 
of bismuth has also been prepared. They all form organo- 
metallic derivatives. 

The group is further characterised by the largo number of 
oxides and h^ojen derivatives formed by its member?. In 
many of these the valency of the elements varies considerably. 
They are all distinguished by a tendency to form two series of 
compounds of the types RX' 3 and RX' S (or $jX" s , RjX"j), but, 
in addition to this, some of them act also os dyyis and tetrads. 
Thus nitrogen is divalent in nitric oxide, NO, and tetrnvolent 
in nitrogen peroxide, NO,, whilst vanadium forms a dichlorido, 
Vd,, and a tetraohloride, VC!,. 

The dements nitrogen, phosphorus, and arsenic, and their 
chief derivatives, have already been described in Vol. I. 
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414 In 1801, Del Rio pointed out the existence of a new 
metal in a lead ore found at Zimapan, in Mexico, 1 and gave to*' 
it tb8 name erythronium, from the fact that its salts became 
red when heated with acids. In 1805, Colkt-Desootils 8 ex¬ 
pressed his opinion that this supposed new metal was an impure 
oxide of chromium, and Del Rio accepted this conclusion as 
correct. In 1830, Sefetroru* described a new metal which he 
found in the celebrated iron of Taberg, and for this he proposed 
the name of Vanadium, from Vanadit, a cognomen of the 
Scandinavian goddess Freia. In the same year Wdhler 4 showed 
that Del Rio’s discovery was a true one, and that tho Zimapan 
ore was a vanadate of lead. Unablo to carry out the further 
investigation of the new metal, Sefstr&m handed the materials, 
amounting only to a few grams, to Berzelius, and in 1631 this 
ohemist 5 published tbs result 0! an exhaustive investigation 
on the subject, in which he described a large number oP vana¬ 
dium compound^ and came to the conclusion that vanadium 

I OUbtrfM Ann., I SOI, 7L 7. • Ann. dim. «**.. ISO®, 260. 

• P%. Am. 1*30,21,48. « Itii, 1831,22,1. • Ibid. 

vyn. n. (ft.) 1 
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ckwely resembled chromium and molybdenum, yielding, liki 
these metals, an acid-forming trioxide. Chia view was uni 
vereally adopted until the year 1867, when Roseoe showed thal 
the substance supposed by Berielius to be vanadium was 
according to the mode of its preparation, either an oxide or a 
nitride; that the volatile trichloride of Berzelius contained 
oxygen and possessed it composition analogous to that of phos¬ 
phorus oxychloride; and that the metal, instead of belonging, 
as was supposed, to the chromium group, was a member of the 
antimony group and intimately connected with the nitrogen, 
phosphorus, and arsenic family . 1 

415 Vanadium is a somewhat rare substance, forming an 
essential constituent of only comparatively fow scarce minerals. 
Traces of this clement are, liowever, tolerably widely dis¬ 
tributed throughout terrestrial matter; it is found in meteorites 
of the stony type,' and it exists in tho sun. 

The principal vanadium minerals are vanadinite, or lead 
vanadate, 8PbjfV0 t )„l , bCI,; dcchonite, (Pb,Zn)(V0 3 ),des- 
cloizitc, PbjVjO,; pueherite, BiV0 4 ; psittacmite, 
(Pb,Cu) I (V0 4 ) t ,3Cu(0II) 1 ,6II l 0; 

volbortliitc, (Cu,Ca) 1 (VO l )„H 1 0; roscoelite (vanadium mica), a 
vanadium muscovite, containing the metal aa the basio oxide , 1 
V,0,;' mpttfamitc, (l’b,Cu)^V0 4 ) 1 ) 2(Pb,Cu)(0H) 1 ; sulvanite, 
3Cu,9,V,8 ( ; carnotite, a potassium uranium vanadate found 
' in Colorado; and patronite, an impure sulphide of vanadium, 
whioh occurs in considerable quantity in Peru. Mottramite 
has been found* in tolerable quantity in the copper-bearing 
bed* of the kcupor, worked at Alderley Edge and Mottram 
St. Andrews in Cheshire, and it is from this Bource that 
the vanadic acid of commerce was at one time obtained. 
Small amounts of vanadium have also been found in a large 
number of clays, in trap and basalt , 4 in certain iron ores, 
especially magnetite , 5 and cast-iron, in larger quantities in the 
slag from the basio steel process »t Creuaot, in rutile, in the ash 

* A "bibliography kae been compiled by PraqdU (Jiepiig, 1800. Voet). 
Mora complete information concerning the compound* o! van idiom may Is 
obtained from the monograph by Kphralin (Stuttgart, Enke, 1904). 

1 Haeeelberg. K. I'd. AkaL F6rh. Stockholm. 1899, H, 131. 

• Hlfe brand, Tumor ar.d Clark*, Artur. J. Sci., 1899. £417.4C1. It oeonn 
fat fairly large quantities ueoolated with gold and goH lellnrtdei la Eldorado 
Co. In California; alao in Colorado and at Kalgoorlie in tVertem Aiutraha. 

4 See Hlflobmnd, Amtr. J. Set'.. 189$, [4], fl, *09; 7. 2M. • 

> See Pqpe, .foem. Chm. Sue., 1900, 7$. 11., 409. 
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of trees, ia certain coals, lignites, and peats, and also in soda- 
aah, as well as in soiCum phosphate. » 

Extraction and Preparation of Vanadium Compound*—In 
order to prepare vanadium salts from inottramitc, the kcuper- 
sandatone, which contains the mineral deposited as a film on 
the surface of the grains of sand, is digested with strung hydro¬ 
chloric acid, tho agd liquor drawn oS, and'tho sand well washed 
with water. 'Ate acid solution, together with the washings, 
is evaporated down with an excess of ammonium chloride, when 
ammonium metavanadate separates out, andathis is repeatedly 
crystallised to free it from copper and iron. The crude ammonium 
metavanadate is then gently roasted in porcelain, by which 
means the vanadium pentoxide is obtained in it tolerably pure 
condition. In order to purify this it is suspended in water and 
ammonia gas passed iuto the liquid. A solution of ammonium 
vanadate is thus formed, which ia separated by filtration from 
the residue containing silica, phosphates, etc., and then csystal- 
lisod by evaporation in platinum vessels; the pentoxide obtained 
by several repetitions of this treatment is free from jfhosphorus. 

Vanadio acid may be prepared in a similar manner from 
carnotiU, which is an important mineral commercially, being a 
source of uranium and radium. It is preferable, Jiowevcr, to 
boil the mineral with an hxcess of sodium carbonAe, when 
practically all the uranium and about two-thirds of the vanadium 
pass info solution as sodium uranate and vanadate, and the 
radioactive matter remains in the residuo. I£y filtering tho 
solution and concentrating until it is saturated with sodium 
carbonate, most of the uranium separatee out os a yellow double 
salt, U0,C0j,2Na,C0 3 , and on cooling tho hot filtrate from this 
salt nflich of the excess of sodium carbonate crystallises out. 
The filtrate then contains sodium vanadate together with excess 
of sodium carbonate and a little uranium, which may* be precipi¬ 
tated as sodium diuranate, Ns,U,0„6H,0, by addition of caustic 
soda . 1 

416 MetaUic Vanadium.—Berzelius obtained brilliant metallic 
scales by heating the oxytrichloride in an atmosphere of ammo¬ 
nia. These do not, however, 00 wist of metallic vanadium, but 
of vanadium nitride. Pure metallic vanadium was first obtained 
by the reduction of the dichloride in perfectly pure hydrogen. 
Although this process appears simple enough, there is no ftfttal 
more difficult to prepare in this way than vanadium. This 
1 Sto Run, /. Amtr. Cktn. Soc^ 1015, *7. 1707. * 
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(rises from the fact that whilst vanadium is stable at the ordinary 
atmospheric temperatures, it absorbs oxygbu at a red heat with 
the greatest avidity, so that every trace of air or moisture must 
be excluded during its preparation. Moreover, the dichloride 
itself cannot be readily obtained in quantity. 

Roscoe’s apparatus is shown in Fig. 189. The hydrogen 
generator (a) yields aWcam of hydrogen whifh can be kept con¬ 
stantly passing through the wash-bottles for a^reek at a time, 
by occasionally adding fresh acid to the upper bottle and draw¬ 
ing off the lino sulphate solution from the lower bottle. The 
first wash-bottle contains a solution of lead acetate, the seoond 
one of silver nitrate, and the throe others contain boiled sulphuric 
acid. Traces of oxygen arising cither from diffusion or from 
air absorbed in the dilute acid used are removed in the tube 
(cm) attached to the last washing-bottle; the first portion of the 
tube contains red hot platinum sponge (c), whilst the further 
portion of the tube (v) is filled with phosphorus pentoxide 
and plugs of cotton-wool. The greatest care must be takon to 
havo all rtibber stoppers and joints made’as tight as possible 
with copper-wire and paraffin. At right angles to the drying 
tube (cd) is placed the reducing arrangement shown in the lower 
part of thq drawing. This consists of a porcelain tube (be') 
placet! iff a Hofmann’s furnace and protected in the central 
portions, where it is heated by an outer casing of sheet-iron. 
Tho porcelain tube is connected with the hydrogen ajyaratus 
by means of the wide glass tube (rr') provided with the tubulus 
(a) and narrowed down to join the drying tube at r 1 . The 
joint between tho porcelain and glass tubes is made of seamless 
rubber, well wired and covered by an outer short glass cylinder, 
the space between the tubes and the cylinder being fillecfeither 
with mercury or fused paraffin, and a similar joint is placed at 
the further'ond of the porcelain tube. 

The dichloride is contained in the bent tube (h) in which it 
was prepared and sealed up in hydrogen. It is fitted through 
the tubulus (a). The platinum boat being in position, as shown 
in the figure, hydrogen is allowed to pass through the apparatus 
for twelve hours to dry it completely and clear ont the air; 
the fibber stopper of the tubulus is then withdrawn and the 
end of the tube containing the dichloride cut off, and the tube 
and*etopper are quickly replaced, so that tho crystals lie in the 
borisontal portion of the tube, which is then so turned, in the 
stopper* that tit crystals of dichloridt fill into the platinum 
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in the rubber tube at the end of the apparatus; the wire is 
then cut off short at the end of the glass tube, a propet*joint 
made, and an exit tube attached dipping under sulphuric acid. 

The rubber stopper of the tubulua is surrounded by a bath of 
parafBh and the hydrogen is allowed to bubble through for six 
hours. .The porcelain tube ia then gradually raised to the higheot 
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temperature (a bright red heat) the Hofmann's furnace will 
yield, and kept dbnstant until some hours after the last trace of 
hydrogen chloride can be detected in the issuing hydrogen, 
The process lasts from forty to eighty hours, according as the 
quantity of dichloride employed varies from 1 to 3 or 4 grains. 

Reduction of vanadium pentoxide with carbon in the electric 
furnace yields only an impure metal, containia&a large amount 
of carbon. 1 Pure vanadium can be preparedny reducing the 
pentoxide with a mixture of the metals of the rare earths, known 
as “ mischmetal!,'* obtained by the reduction of the waste oxides 
from the manufacture of thoria. 1 The oxide is mixed with the 
• finely divided Wtul in a magnesia crucible and the mass ignited, 
as in the aluminium thermite process; a violent reaction occurs 
and a rcgiilus of pure vanadium is produced. The metal has 
been prepared also by passing the electric current through thin 
rods of V,0 3 contained in a vacuum,* by heating tho trioxide 
and ckrbidc in a xirconia crucible to 1950°,* and by passing the 
vapour of vanadium chloride over heated sodium hydride. 1 A 
regulus of crude vanadium, probubly consisting of a mixture of 
the metal and tho dioxide, can be obtained from vanadio oxide 
by Q old Schmidt’s aluminium rcductwn method. It can be used 
for tlif. preparation of the tetrachloride.' 

Metallic vanadium prepared by reduction from the dichloride 
in hydrogen, is a light whitish-grey coloured powder, which 
under the microscope reflects light most powerfully, and icppeora 
as a brilliant crystalline, metallic mass possessing a silver-white 
lustre. The surface of a regulus of the metal is covered with 
twinned rhombobediat crystals, and the metal has a hardness 
greater than that of steel or quartz. It is of a brilliant silver- 
white colour and tikes a splendid polish which is not affected 
by air. Vanadium does not decompose water at the ordinary 
temperature and is neither volatile nor fusible when heated to 
redness in hydrogen. When the powdered metal is thrown into 
a flame, or rapidly heated in an excess of oxygen, it burns with 
brilliant Bfintillations. Tho specific gravity of vanadium at 
15° is O'5, and the atomic heat, ss deduced from the specific heat 

“ Moiaaan, 'Cow*. rnd.. 1SU3. 118, IMS. 

■ Wrist and Aichd, . I Muirs, 1004, 817, 380. 

• r Werner von Bolton, Sell. Slrltrochn*., 1903, Zi, 43. 

« KuS and Martin, Me*. npr. Chem., 1912, 88, 49. 

» Billy, row*. rnJ . 1914.188, 878. 

• Kupprl and Kautoann. Itil. nor). Che «l„ 1903, ft, M2. 
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of its alloys, is nomjal . 1 The metal is not attacked by hydro- 
chloric acid either when cold or hot, and neither strong nor 
dilute sulphuric acid acts upon it in the cold, but when heated 
with the strong acid it slowly dissolves, giving a greenish-yellow 
solution. Hydrofluoric acid dissolves the metal slowly with 
evolution of hydrogen and formation of | green solution, whilst 
nitric acid of^U» strengths oxidises it with violence, evolving 
nitrous fumes and forming a blue liquid. Vanadium also 
dissolves readily in ohloric acid, perchloric acid, and ammonium 
persulphate, vanadio acid being produced . 8 *Both hot and cold 
solutions of caustio soda are without action on^the metal, but 
when fused with the hydroxide, hydrogen is evolved and £ 
vanadate formed. Metallic vanadium precipitates platinum, 
gold, and silver from solutions of their salts, and reduces mercuric, 
cupric, and ferric salts to the corresponding lower salts (Marino). 
When heated in an atmosphere of pure nitrogen, it is converted 
into the mononitride (Roscoe). 

Alloys of vanadium can he prepared in the electric furnace 
by reducing vanadio anhydride in the presence of 'the second 
metal or one of its oxides.* It also forms an alloy with platinum. 
Ferrovanadium is manufactured on a commercial scalo in the 
electric furnace in Franco and .also in Colorado. •It < m anted in 
the production of vanadium steel (sco 8 tod). 

COMPOUNDS OF VANADIUM. 

9 

Vanadium ani* Oxygen. 

417 Vanadium forms five compounds with oxygen, analogous 


to tljp oxides of nitrogen, namely: 

Vanadium auboxide.V,0. 

Vanadium monoxide, hypovunadious oxide VO or V,0,. 
Vanadium sesquioxide, vanadium trioxidc . V,0,. 
Vanadium dioxide, hypovanadic oxide . VO, or V,0 4 . 
Vanadic anhydride, vanadium pontoxidc . V,0 ( . * 


All these oxides form salts, the three first acting only as basic 
oxides, the two highest both as acid-forming oxides and as weak 
basic oxide*. * 

Some confusion exists as to the nomenclature of the ypious 

1 Mstigaon and Mount t. Con*pi read., 1902, 1M. M2. 

' Mahno, Ztii. arujr/. CW, 1904, 38, 152. 

• MdUao, Ccmpl. read., 1990, 188, 1297. 
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oxides of vanadium and the series of compounds derived from 
them. Roacoe, A mark the analogy with arsenic and phos¬ 
phorus, termed the sesquioxide, V t 0„ vanadious oxide, and ita 
salts the vanadious qplts, and to tho lower oxide, VO or V s O,, 
he gave the name hypovanadious oxide. The fact that V t 0 3 
acts entirely os a baqjc oxide, and the close analogy existing 
between the derivatives of V,0, and of VO ai tdjbe correspond¬ 
ing chromium compounds, have led more recent investigators 1 
to term the compounds derived from Y,Oj the v&nadic Balts, 
and those derived Ifrom VO the vanadious salts, corresponding 
with the chromic and chromous salts respectively. The salts 
formed by tho oxido VO, with bases, termed by Roacoe hypo- 
vanodates, are now usually called vanadites, and the salts with 
acids containing the divalent radiclo VO (or the tetravalent 
radical V 4 O a ) are known as vanadyl {or divanadyl) compounds, 
The more modern nomenclature has been adopted here. 

418 Van adie Anhydride, V,O e .—Tho preparation of this oxide 
from mottr^mitc has already been described.. In the pure state 
it is best prepared by decomposing tho oxytrichloride, VOCl s , 
with water and fusing the residue, but it can also bo obtained 
pure by heating pure ammonium metavanadate and avoiding any 
reduction.^ Yanadic anhydride crystallises in splendid yellowish- 
rod, rhombic prisms (Nnrdenskiold), which have a specific gravity 
■of 3 36 (J. J. Watts), and dissolve in about 1,000 times their 
weight of water, giving n yellowish solution, which doft not 
possess nny ta«Wi but turns blue litmus paper red. Vanadic 
anhydride fuses without decomposition in absence of organic 
reducing matter to a rod liquid, which on pooling yields brilliant, 
transparent, reddish-yellow needles, and at the moment of^rrys- 
talliaation exhibits the phenomenon of incandescence. 

Vanadic anhydride exists in several different modifications, 
which differ in solubility and other properties. When it U pre¬ 
pared by igniting ammonium vanadate, evaporating with nitric 
acid, and gently heating the residue, it forms a yellow, hygroscopic 
powder, which unites with water to form hydrates containing 
1 , 2 , and 8 molecules of water, and dissolves in cold water to the 
extent of 8 grams per litre. When the oxide is heated for a long 
time it 440" or fused, it is converted into two different sparingly 
soluble modifications . 1 

1 Hooini end Marino, ZcH. n«t»p. Ckem., IOCS. 88, 87. 

Hntigoon, CStm. Zt it, 1908, 29, 980. 

• Ditto, Ccmpl. rend., 1885, 1(31, 096, 
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Vanadic anhydride acta as a weak baric oxide aa well as an 
acid-forming oxide. Thus it dissolves in strong acids, forming 
red or yellow solutions yielding crystalline compounds, which 
separate ont on spontaneous evaporation o) cooling. 

Vanadic anhydride is reduced by sulphurous acid in presence 
of sulphuric acid, and by evaporation with hydrochloric acid, 
to VO,; magnqpifta and hydrochloric acid, or evaporation,with 
hydriodio acid, reduce it to VjO,, whilst sine and hydrochloric 
acid carry tho reduction to VO. 

Vanadic anhydride has been used in the preparation of aniline 
black, and its use has been suggested in the electrolytic oxida¬ 
tion and reduction of various organic compounds in an acid* 
batfi, e.g., the manufacture of quinone from aniline, etc . 1 It 
also greatly accelerates certain oxidation processes, such aa the 
action of nitric add on sugar, the oxidation of alcohol by 
atmospheric oxygen, etc } 

The VXnadjo Acids and their Salts.*. 

419 Normal Vanadic Acid, H,V0 4 , is not known. 

Metavanadic Acid, HVOj, was discovered by Gerland . 1 It 
fornm a fine yellow pigment, sometimes termed vanadium Jponze, 
and is employed in place of gold bronxo. It is obtained in the 
form of brilliant scales of a golden or orange colour by boiling 
aqueow sulphurous acid with copper vanadate, prepared by the 
double decomposition of ammonium metavanaflate and copper 
sulphate. A mixture of brown and orange-yellow crystals is 
obtained, and on continuing the ebullition with more sulphurous 
acid, the brown crystals dissolve, tho yellow metavanadic acid 
being insoluble. 

Vanadium bronze may also be prepared by adding a solution 
of ammonium vanadate to one of copper sulphate containing 
excess of ammonium chloride until a permanent precipitate is 
formed, and then gently heating to 75°, when the yellow ecales 
are slowly deposited, and after the lapse of a few hours nearly 
the whole of the vanadium is precipitated. The larger the 
quantity of material employed and the slower the action takes 
place, the finer is the colour of tho bronze . 4 

1 Germ MI P»lent. 172054 (18/9/03). 

■ Mooter Anil LinOthbanm, J. ji r. Clew., 1907, [2]. 78, 148; German latent, 
183022418/8/05). 

* Prx. Mmch.fhil. So t.. 1871, U, 80. 

* Her. ,.1878, 8, 874. 
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If the freshly prepared solution of coppef vanadate be quickly 
evaporated in a flat dish, a crystalline residue is obtained which 
is soluble in water, and when this solution is dialysed for some 
days a clear aolutiqp of pure vanadic acid is obtained which 
remains clear when heated, and deposits the red amorphous 
pentoxide on evaport^ion. 

A solution of vanadic acid is decomposed jn heating with 
sulphuric acid. 1 

Pyrom>unIic Acid, I1,V,0,, is a brown precipitate cloeely 
resembling ferric Ifydroxide, obtained by treating a solution of an 
acid vanadate with nitric acid. When air-dried it possesses the 
' above composition. It is, however, unstable and loseB half its 
water when dried over sulphuric acid (v. Hauer). 

llexavnnadic Acid, H 4 V 4 0 17 = 6V t Oj,2H,0.—When a solution 
of pervanadic acid is allowed to stand it loses oxygen and forms 
an acid yellow liquid, which probably contains hexavanadic acid. 
The solution is unstable and soon deposits a brown precipitate 
of vanadium pentoxide.® , 

The Vaho/l/iles - The so-called normal vanadates prepared by 
Berzelius correspond to the mctnphpsphates; it is also possible 
to prepare ortho- ami pyre-vanadates analogous to the cone- 
spondingj>hwsphatcs. v. Hauer’s soyalled di- and tri-vanadates * 
are most simply formulated as tetre- and hexa-vanadates, 
Na,V,O n and Na,V,O l4 , but it is probable from the researches 
of Diillberg on the molecular weights and conductivities 8t these 
salts that thej^are in reality acid salts derived from hexa- 
vanadic acid, H 4 V 4 O n , the normal salt of which, Na 4 V 4 0 17 , 
is «Ibo known. Thus wc have: 


(1) Sodium Meta vanadate . . . NbVO,. 

(2) Sodium Orthovanudate . . Na s V0 4 . 

(3) Sodftim Pyrovanadate . . . Na 4 V,0 7 . 

(4) Sodium Tetravaoadatc (v. Hauer). NajHV 4 0 17 . 

(5) Sodium llexavanadate „ . Na,H a V 4 0 17 . 


Other more complicated polyvanadates are known. 4 
The order of stability of the soluble vanadates in aqueous 
solution differs remarkably from that of the phosphates, the 

* Attgw, Comp. rmt., 182), 17S, SOS. 

■ BSUber*. Uit. Ckm.. 1003, 45. 1JO. • 

• J. r*. 1858, 88, 383; 1849. 78, 156, 928; 1S80, 80, 32*. , 

4 Gsmelky, Jmtru. Chn. Sx„ 18J3, 2*. 323; Roseqjietai, Ztil. amorj. 
1018, M. 139; M„ 08, m 
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metavanadates being the most stable and the orthovanadates 
the least stable, whereas in the phosphorus series the order of 
stability ie the reverse of this. At a high temperature, on the 
other band, the orthovanadate is the most stable, being formod 
when vanadium pentoxide is fused with an alkali carbonate, the 
meta-salt being produced when a solution^ an alkali carbonate 
is boiled with yaaadium pentoxide. 

The property^which serves best to distinguish the ortho- from 
the meta-vanadates is the colour of the respective copper salts. 
Copper orthovanadate possesses a blue-green* colour, whilst the 
metavanadate is a light yellow, crystalline powder. 

The alkali pyrovanadates are soluble, and dan be readily 1 
obtained by fusing one molecule of vanadium pentoxide with two 
molecules of the carbonate of an alkali metal, dissolving, and 
crystallising. They are likewise obtained by the decomposition 
of an aqueous solution of the corresponding orthovanadate. 
The pyrovanadates of the heavy metals are usually insoluble 
in water, and possess properties generally similar to those of 
the corresponding o’rthovanadates. 

Jhe metavanadates are usually yellow: some of them, 
especially those of the alkaline earths, zinc, cadmium, and lead, 
are converted into colourless isomeric modifications, jn the 
solid state under water, in’ aqueous solution, and especially in 
the presence of alkali carbonates. The metavanadates of the. 
alkali auctals are colourless, and on treatment with an acid give 
rise to anhydro-salts, whicli have a fine yellowish-red colour. 
The metavanadates of ammonium, potassium, sodium, barium, 
and lead are but sparingly soluble in water. The other meta¬ 
vanadates are more soluble. It is probable that sodium meta¬ 
vanadate has the molecular formula NajVjO,, thus correspond¬ 
ing with the trimetaphoapbate (Dlillberg). Tho following are 
the properties of the most important members of these three 
classes q! vanadates. 

Polonium Melavanadale, KVO„ dissolves slowly in cold and 
readily in hot water, and with difficulty in caustic po'tash. 
When it is boiled with water and vanadium pentoxide, or fused 
with t the latter, polonium telravonadaU, KaV«0„,3H t O, or 
KjHVjOjjAHjO (DUllberg), is obtained, crystallising in broad, 
reddish-yellow tablets. This salt is slightly soluble in cold and 
very easily soluble in hot water. 

Sodium Orthovanadate, No,VO«.—This salt crystallises with 
16,12,10, and*8H,0, and in the form with 12H,0 is isonforphous 
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with sodium orthophosphate, It has a strongly alkaline reaction, 
and in aqueous Solution is completely hydrolysed to caustic 
soda and sodium pyrovanadatc: 

2Na,V0 4 «f-11,0 = Na 4 V,0, + 2NaOH, 

■Sodium Pyrovanada^, Na 4 V,0„I8H,0, crystallises in large, 
six-sided tablets, is easily soluble in water, astdyis precipitated 
by alcohol from its aqueous solution in pearly scales. It fuses 
more easily than the orthovanadate, and is first formed in the 
preparation of thc*latter salt. 

Sodium Melavnnndate, NaVOj, resembles the potassium salt, 
^nd is converted in a similar manner into sodium Mravana- 
dale, NajV 4 0,j, 011,0, or Na 3 HV ( 0 l; ,lSH,0 (Dttllberg), which 
separates out in beautiful large orange-red crystals. This Balt 
is only slightly Roluble in water, but possesses such powerful 
colouring properties that 1 part of it is sufficient to impart a 
yellow Tint to 200,000 parts of water. It effloresces on exposure 
to the air, Incoming of a reddish-brown tint, and melts at a dark 
red heat, Adidifying to a dark red, amorphous mass. 

Ammonium MrtaranaJatr, NH 4 VO s , is the most important 
vanadate. It is obtained by dissolving the pentoxidc in an 
excess.of^armnnniu and cva|iomtiiij', or by precipitating with 
alcohol, in which it is insoluble. It forms colourless, transparent, 
• crystalline crusts, and is insoluble in concentrated solution of 
ammonium chloride, and accordingly is precipitated \*cn a 
lump of ammonium chloride is allowed to remain in a solution 
of a motavanadntc or pyrovanadatc: 

Na 4 V,0 T -h 4NH 4 C1 - 2N1I.VO, |- 2NH, + JI.O + 4NaCl. 

The solution of this salt becomes of a deep black tint*whcn 
treated with tincture of galls, and Berzelius originally sug¬ 
gested the uso of this liquid as an ink. This ink is, however, 
not permanent-, “ for letter* thus written by Berzelius are now 
quite illegible." (Wohler). It was once used in dyeing with 
anilino black, since its presence greatly facilitates the oxidation 
of the aniline hydrochloride on which the formation of the 
colouring matter depends. 

Aimuonium Tdmmnadule, (NH 4 ),V t 0 u ,4H,0, or 
(NH 4 ) s HV 4 O l „5JH l O, 

is obtained by the addition of acetic acid to a *boiling solution of 
the metavanadate until the precipitate redissolves. Tlte salt 
separates out from the yellowish-red liquid on cooling ig large, 
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transparent, orange-red crystals. If it be recrystallised from 
water containing acetic acid, splendid red crystals of ammonium 
kezavanadate, (NHJjVjOn.fiHjO or {NH 1 ),H ) V,0 17l GH,0 are 
obtained. 

Calcium Pyrovamdale, 2Ca a V a 0 7 ,5K 1 0, is a white, amor¬ 
phous precipitate obtained by doublo Recomposition of the 
corresponding sodium salt with calcium chloride. If the 
solution of soOTucn orthovanadate be precipitated by calcium 
chloride, the same salt is obtained mixed with calcium hydr¬ 
oxide, the orthovanadate being at once decomposed according 
to the equation: 

Caj(VO t )j + ^0 = CojVjOj + Ca(OH),. 

I*ad Or&ovanadaU, PbjfVO,),, is a nearly white, insoluble 
precipitate obtained by adding a solution of lead acetate to 
one of sodium orthovanadate. This salt occurs in nature com¬ 
bined with lead chloride as vanadinite, 3Pb,(V0 4 ),,PlJCl, or 
Pbj(V0 4 )|,Pb l (V0 1 )Cl. This mineral crystallises in hexagonal 
prisms, having a reddish-brown colour, and is is&morphous 
wijh apatite. It has a specific gravity of from 0-C to 7-2, and 
frequently contains some ‘phosphoric acid. It was found by 
D«1 Rio in Zimapan in Mexico, and occurs also afcLeartyiUs in 
Sootland, in Carinthia, and* in tho Urals. It may be obtained 
artificially by fusing together lead oxide, vanadium pentoxide, 
and lead chloride, in the right proportions. The fused mass 
contains druses, in which thin, needle-shaped qjyBtala are con¬ 
tained. If boiled with water it falls to a crystalline powder 
consisting of microscopic, hexagonal prisms, possessing the 
waxy lustre and the yellowish colour of natural vanadinite, and 
having a specific gravity of 67 (Roscoe). 

Lead Pynmnadale, Pb,V,0,. is found in South America as 
descloiate in rhombic crystals, which have an orange-green or 
black colour, a bronze lustre, and a specific gravity of 5'839. 
It usually contains zinc, iron, manganese, and copper as im¬ 
purities. If a solution of sodium pyrovanadate be precipitated 
with lead acetate, the basic salt, Pb ( V 4 0 ]( , is thrown down as 
a ligh$-yellow precipitate. 

Lead Metavaaadale, (Pb(VOj)„ is obtained as a yellow preci¬ 
pitate when a solution of a metavanadate is mixed with one of 
lead acetate. Tift mineral dechenite consists chiefly of’this 
compwnd, a portion of the lead, however, being usually replaced 
by rino. It occurs together with lead ores, fanning* yellow, 
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brown, or deep-red reniform masse*, having a apM^c gravity 
of 6-6 to 6-8. ’ 

Lead Tetravanadate, Pb a V 4 O n , is obtained by precipitating 
the corresponding pgtassium salt with lead nitrate in the form 
of a reddish-yellow precipitate slightly soluble in water. 

Copper Orthcmnad^e, CujIVOJj.HjO, occurs as the mineral 
volborthite, in which a part of the copper is roplyed by calcium; 
it crystallises in small yellow or green hexagonal tablets having a 
specific gravity of 8-55, and is found in Thuringia and in the 
Urals. Copper PQrovanodate, Cu,V t O„ is a yellow, crystalline 
precipitate, whilst copper tne/avanadale is an apple-green 
• precipitate. * 

Silver Orthovanadate, AgjVO,, is obtained by precipitating a 
freshly prepared solution of the sodium salt with silver nitrate. 
It is a deep orange-red coloured precipitate, which is easily 
soluble in nitric acid and in ammonia. 

Sikh Pyrovanadale, Ag,V,0,, is a heovy, yellow powder. 
Silver Metavanadate, AgVOj, forma a pale yellow, gelatinous 
precipitate. 

Vanadio aoid, litre phosphoric acid, yields complex compounds 
with stannates , 1 tungstates, and molybdates, os well as with 
phosphates and arsenates.' 

Pmwiadic Acid and the Pervdnadalet, —The alkali meta- 
vanadates are readily converted by hydrogen peroxide into 
per-salts of tho formula R’VO,, many of which hava been 
prepared pure.. They are decomposed by dilute acids with 
evolution of one atomic proportion of oxygen.* 

Pcrvanadic Acid, HVO,, is formed when vanadium pentoxide 
is added to hydrogen peroxide in dilute sulphuric acid solution. 
A deep-red coloured liquid is formed , 4 which deposits unstable 
yellow cryijalo of the per-acid * 

Potaseium Perumadate, KV0 4 , is a yellow, microcrystalline 
precipitate, obtained by dissolving potassium metavanadate in 
a solution of hydrogen peroxide containing sulphuric acid, and 
precipitating with alcohol. 

Barium Metapervanadaie, Ba(V0 4 )j, is obtained as an amor- 
I Pieadtl, Bn-, 1807, 40, 213S. 

• Hr so aocosot of Item complex derintiree, n tbs monograph by 
Bphrelm quoted on p. 844. 

' 9bbener, ZtU. saerp- Chtm., 1888, 18, 384; Pimrjeweky, J. Rvtt. Pkgt. 
CArm. Sx„ 1903.81 210,472. See eleo Anger, CemfL read., 1821.178, 1US. 

1 Werther, J. ft. Chtm., 1881, O, 1H. 

• Pbeufemky, Cat. pApeital Chat., 1908,41 173. 
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phoua, yellow precipitate, when a solution of barium chloride is 
added to a saturate"? solution of ammonium feetavanadate in 
30 per cent hydrogen peroxide. Other salts have been prepared 
in a similar manner; they are characterised by being bright 
yellow or deep orange. 

More complex compounds are formed by- the action of alkalis 
and hydrogen wtpxide on the pcrvanadatcs, and these are 
probably salts or a pyroporvanadic acid with the peroxides of 
the alkali metals. The ammonium salt, (NH 4 ) l V 1 O lll and the 
potassinm Balt, KjV 6 0j 8 ,2H t 0, have been prepared in this way , 1 
Complex oxygenated products have also been obtained by the 
action of hydrogen peroxide on the compound* of vanadyl 
trifluoride with potassium fluoride,* VOF„2KF. 

Tne Lower Oxides or Vanadium. 

420 Vanadium Suboxide, V,0, is formed by the prolonged 
exposure of finely divided metallic vanadium to the air. It is 
a brown substance, which, when heated in the air, is*grodiiaJly 
converted into the higher oxides. No salts of this oxide have 
been prepared. • 

Vanadium Monoxide or Hypoatnadioul Oxide., VO of V,0~—In 
its power of uniting with oxygen vanadium surpass*even 
uranium,* and, like uranium, it can be separated from ita last 
portions of oxygen only with extreme difficulty. The oxide VO 

is, moreover, found to enter aa a radicle into many compounds, 
so that the name vanadyl (VO) may appropriately be given to 

it. This subetanoe, which was regarded by Berzelius as metallic 
vanadium, may be prepared by reducing the higher oxides with 
potassium, or by passing the vapour of vanadyl trichloride, 
VOQ,, mixed with excess of hydrogen, through a combustion 
tube containing red-hot carbon . 4 Thus obtained it forfns a light- 
grey, glistening powder or a lustrous, metal-like crust, having a 
specific gravity of 3-64. It is brittle, difficultly fusible, and 
oonduote electricity. Heated to redness, it takes fire in the'air 
and burns to the sesquioxide, V,0,, whilst when heated in chlorine 
the oxytrichloride, VOQ,, is formed. It is insoluble in water, but 
dissolve* in acids, yielding the corresponding salts. These tjjay 

1 Mdikofl end Pimijamkjr, ZtU. in*?. Chem., 1899, 18. *0ti R«»r- 
a*, 1903, 8,^41. 

* IWikoS wd Kuuetky. Aa't Chen., 1901,88, 242. 

• «%*. An. Ckim. PkfM, 1842, [3], t, »j 1S44 pi It *49. 

4 Sdafrrik, AnmBn, 1819, ltt, S3. 

a 
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also be obtained in solution by the action of nascent hydrogen, 
evolved by metallic anc, cadmium, or aodtum amalgam, upon s 
solution made by dissolving vanadium pentoxide in hot com 
centrated sulphuric acid and then diluting with water, or by 
the electrolytic reduction of a similar solution. The liquid 
rapidly changes colour, passing through all shades of blue and 
green until after sonic time it assumes a permanent lavender oi 
violet tint. This solution of the sulphate absrfba oxygen with 
such avidity as to bleach indigo and other vegetable colouring 
matters as quickly as chlorine. The solution in hydrochloric 
acid has been suggested as a reagent for removing arsenic from 
• hydrochloric tcid, the whole of the arsenic being precipitated in 
the free state when the impure hydrogen chloride is passed 
through the solution. 1 On allowing the neutralised lavender- 
coloured solution to stand exposed to the air for a few seconds, 
the colour changes to a deep chocolate-brown. The changes 
in colour which, the yellow sulphuric acid solution of vanadium 
pentoxide undergoes on reduction are exceedingly characteristic, 
and may "be divided into eight stages as Allows : 


Stage. 

* 

# Colour. 

» 

• 

Reflation. 

• 

State of Oiidm- 
tion of t he Metal 

I. 

Yellow 

Acid 

v,o t - 

II. 

Greoq 

Acid 

VA-vo r 

m. 

Bluish-green 

Acid 

va— vo. 

IV. 

Blue 

Acid 

vo,. 

V. 

Greenish-blue 

Acid 

VO,-V,0, 

VI. 

Green 

Bleaches slightly 

V,0 3 -V0. 

VII. 

Bluish-violet 

Bleaches strongly 

va-vo. 

VIII. 

Lavender or violet 

8 

1 

vo. 


Thus the salts derived from the pentoxide are yellow; the 
divanadyl salts blue; the sasqui-salts green? and the vanadiona 
salts lavender-coloured. 

* Gormin Pi tent, 16*JM (UWW).' 
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Vanadium St&juiozide or Vanadium Trioxide, V,0„ is obtained 
by heating the pentoiide in hydrogen, or by igniting the same 
oxide in a carbon crucible. It is also formed when vanadyl tri¬ 
chloride and hydrogen are paaaed through a red-hot tube, and 
when the pentoxide is heated in the oxy-hydrogen flame. 1 It is a 
black powder which under pressure fortjts a coherent mass 
which conducts electricity. It oxidises when exposed to the air, 
not only being pyrophoric when warm, but also slowly talcing 
up oxygen when exposed in the air at ordinary temperatures, 
and being converted into small dark indigo-coloured crystals of 
tho dioxide VO,. It has a specific gravity of 4-7, When ignited 
in chlorine gas it is converted into vanadium (Aytrichloride, 
VOClj, and vanadium pentoxide: 

3V,0, + CCI, = V,0, + 4VOC1,. 

It is insoluble in most acids, but the corresponding sulphate 
may be obtained in solution by tho reducing action of noioent 
hydrogen, evolved from metallic magnesium, on a solution of 
vanadium )ientoxide*in sulphuric acid. A green liquid is thus 
obtained, the further reduction observed with zinc, cadmium, 
and sodium amalgam not taking place with magnesium. Tho 
green solution may likewise be obtained by the partial oxidation 
of the lavender-coloured solution of vanadious sulphatC^St^. 
If a current of air be passed through such a solution, in which 
the free^acid has been neutralised by an excess of zinc and the 
remaining metallic zinc removed, the liquid attains a permanent 
brown colour, which with a few drops of acid turns green; the 
solution then contains the seaquisulphate. 

Vanadium Dioxide or Hypovanadic Oxide, VO, or V,0 4 .—This 
oxide c*n be prepared either by the oxidation of the monoxide, 
VO, in the air, or by the partial reduction of the pentoxide. It is 
readily converted by potassium permanganate into the l«ntoxidc, 
and advantage is taken of this fact in tbo volumetric estimation 
of vanadium. It is a lustrous, steel-coloured powder and dis¬ 
solves in acids, forming solutions of the vanadyl salts, wliich 
possess a bright blue colour. Solutions of theso salts’ are also 
produced by the action of moderate reducing agents, such as 
sulphur dioxide and sulphuretted hydrogen or oxalic acid, ugon 
solutions of vanadio acid in sulphuric acid. They may also be 
obtained by passing a current of air through acid solutions* of 
the ranjtdious salts until a permanent blue colour is attained. 

1 Hew), Jo m. CAe*. 8oe„ ISM, IB, 314. 
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Tie oxide may likewise be prepared by the electrolysis oi 
tie fused pentoxide, or by the ignitioif of the oxychloride, 
V.0AW, in a current of carbon dioxide: 

V.OjCI, 4- 5H,0 - 2VOj + 4H« + 3H»0. 

Dimnadyi tiydroxyle or Ilypom nadic Hydrate, Vj0 4 ,7Hj0 or 
VjO^OHJj.BHjO, forme a greyish-white precipitate, obtained 
when a solution of vanadyl sulphate or chloride is cautiously 
precipitated with a cold solution of sodium carbonate. When 
dried it is a block, amorphous mass, having a glassy fracture. 
This on heating to 100° loses four molecules of water, leaving the 
hydrate, V,(7 4 ,3H,0, A hydrate containing 2H,0 is obtained 
as a pink, crystalline powder by boiling a solution of the dioxide, 
VO t , in sulphurous acid. 1 Vanadium dioxide acts both as a 
basic, and as an acid-forming oxide. When dissolved in acids the 
vanadyl salts are formed, 2 whilst with alkalis the vanadites or 
hypotanadates are produced. 

The vanadites or hypomiadales are all insoluble except those 
of the arfcali metals, which arc not derived from the normal 
hypovanadic acid, H 4 V,0,. but from the partial anhydrides, 
H,V,Oj and 11|V 4 0,. The alkali* vanadites are obtained by 
adding an excess of caustic alkali to a concentrated solution of. 
venadyTsulphate or chloride.* Tfio dark-brown solution thus 
obtained with potash deposits potassium vanadite, KjVjOj.THjO, 
in reddish-brown, crystalline scales which, after washing first 
with potash splution, and then with alcohol, may be dried 
between filter-paper. This salt is permanent in the air, and 
very soluble in water, yielding a dark brown solution. 

Sodium Vanadite, Na,V 4 0 f ,7H 9 0, is prepared in a similar 
way to the potassium salt, and exhibits analogous properties. 

Ammonium Vanadite, (Nis obtained as a 
dark-brown, crystalline precipitate by adding a vanadyl sulphate 
solution to ammonia; it dissolves iu water, yielding an almost 
black solution (Crow). 

Vanadium and Fluorine. 

421 The oxide*, V t O„ VO* and V 4 0^ all dissolve in hydro- 
fluorio acid, but only the trifluoride, VK 3 ,3H,0, and the oxy- 
difi'ioride, VOFj, have been isolated. A vejy large number of 

■ Osin, Ccmft. mi., 1806, Itt. M3. 

> O-jud. B*a. See. chin., 1878, [SJ, 88, MO. 

• Sm sbo Koppal sad GoMnam., leil. enerf. Chan , 1803,38.881. 
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double salts of these compounds and of the oxyfluorides VO*F 
and VOFj with hydrofluoric aoid, metallifi fluorides, and 
vanadium pentoxide have been described. 1 Only a few of the 
most characteristic are mentioned here, 

Vanadium Trifiuoride, VF„3H,0, crystallises from the dark 
green solution of vanadium trioxidu in hydrofluoric acid, in 
dark green, readily soluble octahcdra. 'Hie double potassium 
salt, 2KF,VF„ff,0, is a bright green, crystalline powder, which 
is precipitated when a solution of potassium fluoride is added to 
one of vanadium trifluoride. • 

Vanadium Oxydifluoride , VOF„ is formed when the tetroxido 
is dissolved in hydrofluoric acid, and separates in Blue, prismatic 
crystals containing water. Several double salts with the fluor- 
idea of sodium, potassium, and ammonium may ho prepared by 
adding solutions of these fluorides to the blue solution of the 
oxydifluoride (Petersen). 

Potassium Vanadium IHoxyfluorvle, 2KF,VO,F, is obtained 
by evaporating a solution of vanadium pentoxide in hydrofluoric 
acid almost to dryness, and adding it to potassium flfloride. It 
crystallises in golden-yellow, six-sided prisms. 

Vanadium jieutoxide alad dissolves easily in a solution of 
hydrogen potassium fluoride with evolution of heat, and on 
cooling yellowish globular masses sojiaratc out conjfitnig of 
pearly, probably hexagonal crystals, which have the composition 
3KF,2VO,F,H t O. 

Ammonium Vanadium Dioxyjlvoride, SNJfjF.yO^K, is formed 
when a solution of vanadium pentoxide in hydrofluoric acid is 
nearly neutralised with ammonia; it separates in large, golden- 
yellow crystals. 

Zin2 Vanadium Dioxyfluonde, ZnF 1 ,V0,F,7H 1 0, is formed by 
dissolving zinc carbonate and vanadium pentoxide in hydro¬ 
fluoric acid. The salt crystallises in hard, yellow, tticfinic prisms. 


Vanadium and Chlorink. 

The following chlorides and oxychlorides ol vanadium* are 
known: 


ClttORIDSS. 


Vanadium tetrachloride . . VC1 t . 

trichloride ... VG1, or V,Cl t . 

„ * dichloride . . Vtl, or V,C1 4 . 

1 Put*non, J. fr. Ckem., 1889, [SJ, 40, 193, 27). Soo aUu Picciol sad 
Gwrgu, Jpm. Cfnt. See., 1889, SO. SM; »nd Baker, Join. C&m. See, 

UW.8M88. 
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0XYCHLQRIDK8. ( 

Vanadium oxytrichloride . . VQClj. 

„ oxydichloride . . VOQ* 

„ oxymonochl oride . V0C1. 

Divanadyl monociioride . . V a O,Cl, 

„ tetrachloride . . ¥,0,01*511,0. 

. Di vanadium trioxydichloridu V,(J 8 (Ji,4H a O. 

Vanadium Tetrachloride, VCl* is formed when metallic vana¬ 
dium or tho moflonitrido is heated to redness in an excess of 
chlorine. It may be prepared by repeatedly passing the vapour of 
vanadium oxytrichloride, together with an excess of dry chlorine, 
over a long column of pure sugar-charcoal heated to dull redness; 
also, by treating the crude vanadium, prepared as already 
described by the aid of aluminium, with chlorine and removing 
the oxy trichloride, which is also formed, by fractional distillation ; l 
or by heating feriovuuadiuin in chlorine.* Vanadium tetrachloride 
is a dark brownish-red, thickish liquid, whic^evolvcs white fumes 
when exptSied to moist uir. It boils at 154“ with partial decomposi¬ 
tion, losing chlorine aud leaving a residue of the trichloride. This 
decomposition takes place also at the ordinary temperature, especi¬ 
ally o^xpoture to light, it does not solidify at—18°; its specific 
gravity at 0“ is i'8D84, aud its vapour density at 200° is l>09, the 
calculated vapour density beiug 6-075. When thrown into water 
the tetrachloride is at once decomposed, yielding a blue tolutiou 
of vanadyl chloride. It is soluble in carbon tetrachloride. 

Vanadium Trichloride, V0l 8 .—The foregoing compound easily 
decomposes, as has been stated, into this body and chlorine. 
Tbo trichloride is obtained either by the slow decomposition of 
the tetrachloride at the ordinary temperature or at its boiling 
point, or, together with the dichloride, when tho vapour of the 
tetrachloride mixed with hydrogen is passed through a red hot 
tube, as well as when the trisulphide is heated in chlorine. 8 It 
crystallises in fine peach-blossom coloured, shining tablets of 
density 3-0, closely resembling in appearance the crystals of 
chromium trichloride. It is non- volatilo when heated in hydrogen, 
which reduces it to the dichloride, and decomposes to the"pent- 
oxido when heated in the air. It is extremely hygroscopic, 
instantly deliquescing on exposure to moist air to a dark brown 
’ Kopprl. OuMiaiuin Mil KxuimMii, hiu tmorg. Cktn., 1005, tfi, W5. 

• Merten. J. Amo.Chm.S<x., 1013,35, 071. 

' lleltarstwlt. Bo., 1882, 15, 1019. 
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liquid, which on addition of a drop of hydrochloric add beoomeo 
green. It readily dhsolves in absolute aloohol and in ether, 
forming green-coloured solutions. 

A hydrated compound of the composition VCI„6H,0 can be 
obtained as a green, crystalline powder by Evaporating «'» vacuo 
a solution of vanadium sesquioxide in hydrochloric acid, 1 or by 
dissolving vanadiujn pentoxide in hydrochloric acid, reducing the 
solution elect rofytically with a platinum cathode, and satutating 
the green solution with hydrochloric acid. 8 The salt decom¬ 
poses when heated before all the water has. been driven off. 
The aqueous solution rapidly oxidises in the air. Sparingly 
soluble double salts are formed with the chlorideB of the alkali, 
metals,* the potassium salt having the formula VC1„2KC1,H 2 0. 

Vanadium Bichloride or Vanadiout Chloride, VC1*.—This is a 
solid body, crystallising in fine apple-green coloured plates, having 
a micaceous lustfe and a hexagonal form. It is prepared by 
passing vanadium tetrachloride, mixed with dry and pure hydro¬ 
gen, through a glass tube heated to dull redness, and is also 
formed together flitli silicon tetrachloride when ".vanadium 
silicidc, VSi„ is heated in chlorine . 4 Its specific gravity at 18° 
is 3-23. It is very deliqulscent, yielding a lavender-coloured 
solution of vanadium dichloride, which itossesugs bleaching 
properties {p. 968). A violet solution containing thHlhloride 
can be obtained by the electrolytic reduction of the trichloride. 
When.it is evaporated or when hydrochloric acid is added, 
hydrogen is evolved and the trichloride is formed, the reaction 
being extremely vigorous when a piece of platinum foil is placed 
in the acid liquid. Vanadious chloride is therefore a more 
vigorous reducing agent than chromous chloride . 8 

Vanadium Oxylrichloride or Vanadyl Trichloride, VOC1 a . 
—This compound, corresponding to phosphorus oxychloride, is 
obtained either by the action of chlorine on the oxides VO 
and VjOj as already described, or by heating a mixture of the 
pentoxide and charcoal in a cunent of chlorine: 

V.O, -f 3C + 3Cl t = 2VOCI, f 3CO. 

In the latter case, the resulting liquid is red-coloured from the 
presence of tetrachloride, and is best purified by rectification 

> locks sod Edwards, Am*. Chun. J„ 1808, 20, 5W. 

* Pwcioi and Brixzi, hit anotf. Chat., 1890,18, 3M. 

* SUhfer .Bcr.. 1904.J7, Mil. 

* Moisua and Holt, CmfL uni., 1902,186, 78. 

1 Piccmi and Marino, Ztil. amrf. Chtm., 1902, 82, 68. 
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over clean sodium in a current oi carbon dioxide. It is also 
formed 1 when dry hydrogen chloride is pnssed over a mixture 
of vanadic and phosphoric anhydrides at 60—80“, and a solution 
in acetic acid may be obtained by treating vanadium pentoxide 
with a solution of'hydrogen chloride in glacial acetic acid.* 
Vanadyl trichloride is a bright lemon-yellow, mobile liquid, 
boiling at 126-7° am? having a specific gravif.y at 14° of 1-841. 
It dobB not solidify at —16°. The specific gravity of its vapour 
is 6-108 at 186°, the calculated specific gravity being 6-003. 

On exposure t« most air vanadyl trichloride emits vapour* 
of a cinnabar-red colour, and is soon decomposed in the presence 
, of moisture into vanadic and hydrochloric acids. When a small 
quantity of water is added it becomes thick and btood-red 
coloured owing to the formation of vanadic Acid. A large 
quantity of water, however, yields a clear yellow solution* 
When the oxychloride is ignited in a current* of dry ummonia 
gas, wwadium niononitridc is obtained. Vanadium oxychloride 
combines with ether at 70”, forming a compound crystallising 
in long, red needles anil having the composition VCl a (OC,H 6 ),.‘ 

When vanadium oxychloride is heated with sine to 400°, 
vanadium dioxide and vanadyl dickloritk, VOClj, arc formed; 
the latter cjystalliscs in green tablets which dcliquesco on ex¬ 
posure*^ moist air. The same compound is formed when the 
vapour of vanadyl trichloride and hydrogen are passed through 
a red hot tube. In this case vanadyl monodtlorule, VO(J, and 
dimnadyl ntonochhiridr, V,OjCl, are likewise formed, the former 
as a Succulent, brown powder insoluble in water, and the latter in 
the form of a yellow, crystalline powder resembling mosaic gold. 
The molecular formula of these bodies are not known. Vanadyl 
dichloride forms double compounds with two or four mofccules 
of the hydrochlorides of pyridine and quinoline * 

Ditvxadyl Tetmchloridr, V 1 0,Cl«,6H t O or V0C1„2-5H,0. 
When vanadium pentoxide is dissolved in hot concentrated 
hydrochloric acid, chlorine is evolved and a green solution is 
obtained which becomes blue with deposition of sulphur when 
sulphuretted hydrogen is passed through the liquid. A brown, 
amorphous, deliquescent moss is obtained on evaporation, possess- 

» 

1 Ephraim, Zr>>. anorg. Chem., 190?, H, 60. 

1 fyppcl find Kaofoann, Ztil. a* ary. CJetw., 1005, 46, ,362. 

• See Agafonoff, J. Ruu. Piyt. Ckm. See.. 1003,66. 649. 

• fisdann, Jam. Chtm. See , 1870, i, 300. 1 

• KopptO, Goldman a and Kanfmam, Zeil. oaorp- GAcaa, 1605,46. ^45. 
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mg (he Above composition. It dissolves in water, yielding a blue 
solution; but when treated with strong hydrochloric add or 
alcohol the solution is brown, and this change may possibly be 
due to the existence of two different hydrates . 1 

A compound of the formula V,0 s Cl t ,4lI,0 has also been 
obtained as a dark green, deliquescent mass, by the action of 
hydrochloric acid Qn vanadium pentoxide.- 

Vanadium and Bromine and Iodine. 

423 Vanadium Tribromide, VBr 3 .—This is*the only known 
compound of the above elements. It condenses as a greyish- 
black, compact, amorphous sublimate when dry bromine vapour * 
is passed in excess over vanadium nitrido or over a mixture of 
vanadium trioxide and charcoal heated to redness. It is a very 
unstable compound, loaiug bromine even at tho ordinary tem¬ 
perature in dry air, and deliquescing rapidly in moist air. 

The hydrated bromide, VBr„GHjO, and the corresponding 
iodide can be prepared in a similar manner to thq^ hydrated 
chloride, which they closely resemble. 

Vanadyl Tribromide, VOffo, obtained by passing dry bromine 
vapour over vanadium sesquioxide heated to redness, ib a dark red, 
transparent liquid, having a density of 2-967 at 0°.* Ifcjaay be 
distilled under diminished pressure, passing over without decom¬ 
position at a temperature of about 130° under a pressure of •' 
100 mJi. When heated under the ordinary atmospheric pressure 
it suddenly solidifies at 180°, decomposing into free bromine and 
vanadyl dibromide, V0Br„ which is a brownish-yellow powder. 

Divanadyl Tetra-iodide, V,OJ^SHjO, is formed by the action 
of hyiriodic acid on the pentoxide as a dark, deliquescent mass.* 

Vanadium and Sulphur. 

424 The sulphides of vanadium correspond to the oxides . 4 

Vanadium Monoiulphide, VS, is formed when the sesqui- 

sulphide is strongly heated in a current of hydrogen. It forms 
a brownish-black powder or glistening brown scales, soluble 
slowly in dilute, quickly in strong nitric acid. It dissolves in 
alkali hydrosulphidea, yielding a violet solution. .. 

Vanadium Setquitulpkide or Truvlpbide, V^.—This was the 

* Crow, down. CW Sot., 1*76,1L, *33. * 

• ■ Ditto, Comft rad, 1886,10*. 1310. > Ibid 

• Ksy. Sown. Chern. 80 c , 1880,’17, 728. • 
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only vanadium salt free from oxygen prepared by Berzelius. He 
obtained it by heating the sesquioxide in a (torrent of sulphuretted 
hydrogen. It can in like manner be prepared from the pent- 
oxide, the oxychloride, or any of the chlorides, but it is best 
obtained by acting* on the ignited per.toxido with carbon di¬ 
sulphide vapour. It is a greenish-black powder possessing 
properties similar to {hose of the monosulphiije, VS. 

Vttnadium Paitamlphide, VjS„ is formed by flcating the fore¬ 
going with sulphur to 400°. It is a black powder which on 
heating in a curscnt of carbon dioxide yields sulphur and the 
Msquioxido (Kay). 

, Ammonium»Thimanadnle, {Nlf^VS,, is obtained by passing 
sulphuretted hydrogen into a cooled solution of ammonium 
metavanadate in ammonia of specific gravity 0-898. The 
crystals resemble those of potassium permanganate. If weaker 
ammonia bo employed, ammonium Itnaj"Iph n \pymanadaie, 
(NHj^VjSjO, is formed ill dark green crystals. 

Several similar sodium and potassium salts have been prepared 
from the corresponding meta- and pyro-validates. 1 

Vanadyl or Hypotanailic Sulphite, 6V() s ,4SO f ,9HO, is prepared 
by reducing barium vanadate with ifulphur dioxide, and filtering 
from the bajium sulphate; 

HalVOj), -f H,S0, - BaS0 4 + 11,0 |- 2V0,. 

When the filtrate is evaporated in an atmosphere of sulphur 
dioxide, the sulphite Rejiarafcs as a dark blue, crystalline powder, 
which spontaneously decomposes. It forms two series of double 
salts with the alkali sulphites. 5 

Kannrfiw.* Sulphalc, V80 4 ,7H,0, can be prepared by the 
electrolytic reduction of the blue solution obtained by the 
action of sulphur dioxide on vnnadie anhydride in the presence 
of sulphuric acid. In order to obtain this salt in the pure state 
the greatest precautions must be taken to exclude oxygen. 
The blue solution gradually becomes green, then blue again, 
and finally violet as the reduction proceeds. It is then evaporated 
in vacuo, and the crystals arc separated and dried with filter paper 
in an atmosphere of carbon dioxide. The salt is thus obtained 
in rttidish-violet, monoclinic crystals, which become bluish-violet 

1 lyrtw sod Obnranit, Amaltri, 1891, 863, 39; Krdfs, Ztil anorg. Clew., 
1893.8,864; Looks, Arm. Cktm. J„ 1898.89, 373. 

> Ksppei sod Benodi, Ztil tnorg. Chtm., 1903, 36, 164: Gain,' Compt. 
mi« 1909, Mi 1161. 
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on drying and are very soluble in water, yielding a pure violet- 
coloured solution, whfch becomes bluish-violet in the presence of 
the slightest trace of oxygen. The solution at once reduces 
copper salts to metallic copper, the reaction proceeding quanti¬ 
tatively thus: * 

2VSO, + CuS0 4 = 7,(80^ + Cu. 

The salts of Bj|v?r, tin, gold, platinum, and mercury are also 
reduced to the metal. 

Vanadious sulphate appears to be isomorphous with ferrous 
sulphate, FeS0 4 ,7H 2 0, and mixed crystals have been obtained 
both with ferrous sulphate and with magnesium,sulphate. It 
readily forms double salts of the type R l J S0 t ,R' , S0 4 ,6H l 0 with 
tlie alkali sulphates. These can be prepared by adding the 
proper sulphate to the liquid to be reduced and crystallising, etc., 
ss in the preparation of the pure sulphate. The ammonium sett, 
{NH 4 ) t ,S0 4 ,VS0 4 ,CH s 0, forms reddish-violet, monoclinic crystals 
and is leas easily oxidised than the pure Bulphatc, and the 
potassium and rubidium salts closely resemble it. 1 s 

Vanadium Sesquisvlphatc, V t (S0 4 ) s .—When the blue solution 
of vanadyl sulphate, prepared from 100 grams of vanadic 
anhydride, 200 c.c. of water, and 100 c.c. of concentrated sul¬ 
phuric acid, is reduced electrolytically until the vamffliiu* is pre¬ 
sent in the trivolent form, tho compound V a fSO 4 ) s ,H^0 4 ,12H t 0, 
known as vanadium scsquisulphate sulphuric acid, separates * 
out as l green, crystalline powder. It readily forms a salt when 
evaporated with ammonium sulphate, green crystals separating 
out of the composition V,(S0 4 )„(NH 4 ),S0„12H,0. 

When the acid salt is dissolved in a little water, sulphuric acid 
addet^ and the mass heated at 180° ifl a current of carbon dioxide, 
the anhydrous sulphate separates out as a microcrystalline, 
yellow powder which is insoluble in water* These compounds 
have a very close resemblance to the corresponding derivatives 
of titanium sesquioxido (p. 835). A solution of the sulphate 
acta as a vigorous reducing agent, and precipitates the rpctal 
from an acid solution of copper sulphate (Rutter). 

Vanadium Alums.—Several alums have been prepared by 
treating a metavanadate with sulphurous acid in the presence of 
sulphuric acid, and then reducing eleotrolytically. AmmXium 

1 Pkdnl, Beil. mag. Cbm., 1890,19, 204 i Fiecml snd Murlno. Ztil. gnor}. 
Cbm. 1902. 82, 55: JUrino, Etil. anerg. Cbm., I9CC, SO, 49; Butter, Ztil. 
EUUmtbm, 1906,12,230; Zed. mag. Cbm., 1907, K, 388. 

• SUhJwtnd Writhwin, Btr., 1908. » 3978. 
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vanadium alum, (NH 4 )^0,,V,(S0 4 ) s ,24H,0, crystallise* in hemi- 
hedia! (onus of the regular system and is vifelet-ooloured. Alums 
containing potassium, rubidium, caa s iu m , and thallium have 
also been prepared. 1 A good yield of the alum is obtained by 
the electrolysis of ammonium metavanadate. The ammonium 
metavanadatc is placed in a porous cell with 60 per cent, 
sulphuric acid, a lead cathode being employed. The electrolysis 
is continued until the solution becomes green, \fhen on standing 
ammonium vanadium alum crystallises out. a 

The Vanadyl m Uypomnadic Sulphates .—The blue solution 
obtained by the action of sulphur dioxide on a suspension of 
vsnodic anhydride in dilute sulphuric acid contains sulphates 
of the radical V,O s ' k or VO". These were termed hypovanadic 
sulphates by Roscoe, but are now generally known as the 
vanadyl sulphates. From all solutions in which the molecular 
ratio H|H0 4 : VO, is greater than 1-6:1, acid sulphates are 
obtained up to a temperature of about 201-5°; from solutions in 
which tlic ratio is less than this normal salts are obtained, and 
these are^also fanned by heating the acid* sulphates to about 
260°, or by treating them with water or alcohol. At the boiling 
point of sulphuric acid oxidation otftura, vanadic anhydride and 
sulphur dioxide being formed (Koppcl and Hehrcndt). 

VanrBfijl Sul^ihate, VjOjfSO^, is deposited as an insoluble, 
blue, sandy powder by dissolving the dioxide, VO„ in excess of 
sulphuric acid and heating the solution for some time l» 260°.* 
If tho dioxido bo dissolved in sulphuric acid, the solution 
evaporated, aud the residue treated with absolute alcohol, a 
'sky-blue powder remains, which is a soluble form of tho sulphate 
and deliquesces in moist air. This is also formed by heating the 
insoluble form with water at 130°. If the solution be allowed to 
evaporate spontaneously over sulphuric acid, fine, biuo, rhombic 
prianis having the composition V,0 ,(SOJj.41IjO are deposited 
(Iterzelius), In addition to this, hydrates with 13, 10, 7, 3, and 
2 molecules of water have been described. 

When the acid solution containing more than 1-5 molecular 
proportions of sulphuric acid is evaporated, various hydrates of 
the acid sail, (Y,0,)H t (SO t )j are obtained. The hydrate with 
• 

1 Piccinl, Ztil. tutors. Chm., 189C, U, 106; Ckm. Ctntr., 1S9J, I, 223; 
PQltenwcn, ZaL KUkmdtt*., 19W, 8, 141. a 

« RomoUm. Ztil. EktUndum^ 1012,18,137. 

* Gerland, Bo., 1877,10, 2109; Koppsl anti Behrendl, Ztil. tutor/. CiofL, 
1903. 38.*1M 
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6H,0 is prepared by evaporating the solution on the water-bath, 
and washing the dried crystals with ether (Crow); at 126° the 
hydrate with 3H,0 is formed, and this can also be obtained 
by precipitating a concentrated solution of any of the vanadyl 
sulphates with concentrated sulphuric a£id. At 150° the 
dihydrate is formed, at 175° a salt with 0-5 molecule of water, 
and at 190° the anhydrous compound, 2VT) t ^SO <> which is a 
green powder, cifhaisting of microscopio tetragonal tablets,' and 
1 b sparingly soluble in water (Koppel and Bchrendt ). 1 

Many double salts also of this series are known«nd are described 
in tbe memoirs cited above. 

Normal Divanadyl Trvndphate, (V0) a (S0 4 ) 3 , *ia obtained, 
according to Berzelius, by dissolving tbe pentoxido in hot 
sulphuric acid which has been dilated with half its weight of 
water.* On evaporating at a low temperature the salt crystallises 
out in reddish brown, very deliquescent scales. The same 
compound is obtained in ruby-red octahedra by boiling the 
pentoxide with an excess of sulphuric acid. When these are 
heated to the melting point of lead, the basic salt, (V0^0(S0 4 ) 4 , 
remains as a red mass with small, bright, crystalline faces. 

If the pentoxide be dissoNed in concentrated sulphuric acid 
and the solution evaporated, the basic salt, V0(PH)S0*, is 
formed * as a sandy, reddish-yellow powder. Accoflflftg to 
Gotland, this is identical with the preceding compound. 

Who* potassium vanadate is dissolved in strong sulphuric 
acid and the excess of acid driven off by heat, thn double salt, 
KiSOt^VO^SOJ,, is obtaiued as a yellow, crystalline powder, 
(Berzelius), 

VANADIUM AND NlTBOGEN, PHOSPHORUS, AND ASSINIC. 

425 Vanadium Mcmonilride, VN.— 1 The mononitrido is obtained 
by strongly igniting the ammonio-oxychloride in a current of 
dry ammonia (or rather of its component gases) at a white heat 
as a greyish-brown powder, which does not undergo change at 
ordinary temperatures. It is likewise obtained when the black 
residue left on calcining ammonium metavanadate in the air is 
heated to whiteness in a current of dry ammonia. Other 
methods of obtaining the nitride are to expose the oxid* or 
dichloride to the action of ammonia gas at a white heat. 

‘ Soo'sbo Osin. Comf*. tt*L, IMS, 1« 1154. 

* 809 alio Ditto, Compt. rad., ISM, 108. 787. 

• tterUnd, Btr. r 1878. 1L 98. 
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Wien heated in the air, vanadium mononitride glows anc 
slowly oxidises to the blue oxide; when heated with soda-lime, 
ammonia is produced. 

Vanadium Dinitride, VN„ is obtained as a black powder by 
passing ammonia oW vanadyl trichloride, heating the residue in 
a glass tube to expel ammonium chloride, washing with water, 
and drying in a vacuum over sulphuric acid. , 

426 Extended series of phosphovanadic aitd arsenovanadic 
acids and their derivatives have been described by Berzelius , 1 
Ditte,* and Gibbs.* According to Friedhcira 1 these substances 
are phosphates and arsenates of vanadium (and double salts of 
theso with the vanadates), in which vnnadic anhydride acts 
as a weak base, the radical VO, replacing one or two hydrogen 
atoms of phosphoric or arsenic acid. They can be prepared by 
bringing the requisite salts together. 

Phospkocanadic Acid, 2(VO,)lI t PO„OHjO - P»O l ,V,O t ,UH l O, 
is fo»med when vanadic anhydride is heated with syrupy phos¬ 
phoric acid, and crystallises in golden-yellow flakes. 

Arsenotanadic. Acid, As,O,,VjO 5 ,10lf t 0, is’prcparcd in a similar 
manner, and forms yellow crystals. 

• 

Vanadium and the Elements oe the Caruon Group. 

427 Vanadium Carbide, VC, is formed when vanadic an¬ 
hydride is heated with carbon in the electric furnace.' It forms 
hard crystals of the spccifio gravity 0-405, burns in oxy^bn, and 
becomes incandescent when heated in chlorine . 5 It is silvery- 
white, very hard, and melts at 3760°.* 

Vanadium Cyanides.—Double salts of vanadium dicyanide 
and tricyanide with potassium cyanide of the formulas 
K 4 V(CN)„3HjO and K,V(CN), have been prepared.' 

Potassium Vanadic Thiocyanate, V(SCN)„3KSCN,411,0, is 
prepared in a similar manner to the cyanide (Locke and Edwards), 
and separates in dark red crystals, the solution of which in water 
rspjdly decomposes. The ammonium and sodium salts have 
also been obtained.’ 

' Mrbtch, [61 8, 1037. • Cotupt. rend., 1866,108. 757. 

•Jmtr. Ckm. J. 1885-6, 7, 118, MS. * Her., 18110, 23. 1530, 2600. 

* Moiaun, CWj* rad., 1890, 122 1297, 

* Ruff sod Msrtin, Ztit. awgtv, Clan., 1012, 88 , 49. 

' Petenen, Ztit. merf. Clan,, 1904, 38, 342; Locks Mid Kdnsrda, Aster, 
Chm. J., 2898,80, 594. 

* Ooo4 ZtH. anerg. CAcm., 1899, 19, 308. 
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Complex ammonia vanadyl thiocyanates and oxalates have 
likewise been prepared ! 1 

Vanadium and Silicon.—Vanadium forms two compounds 
with silicon. The silicide, V a Si, is prepared 4 by heating 120 
parte of the aesquioxide with U of silicon in the electric furnace, 
or better by heating this mixture with either carbon or copper. 
It forms hard, si^vee-white prisms with a metallic lustre, and has 
the sp. gr. 5-48 at 17°. It is only attacked by fluorine when 
gently heated, and it is readily decomposed when heated in 
chlorine, bromine, or hydrogen chloride. It is insoluble in acids, 
with the exception of hydrofluoric acid, and is decomposed by 
fused potash. When it is fused with silicon it is converted into 
the dinlicide, V 8 i„ which can be obtained also by heating the 
sesquioxide with an excess of silicon in the electric furnace, or 
by igniting a mixture of the oxido and silicon with metallic 
magnesium . 3 It forma hard prisms with a metallic lustre, lias 
the sp. gr. 4-42, and melts and volatilises in the electric furnace. 
It is soluble in hydrofluoric acid, burns when heated in fluorine, 
chlorine, or bromine, and is attacked by gaseous Niydrogeu 
chloride. It is also decomposed by fused alkalis, and by molten 
copper, an alloy of this metal with vanadium being fonned. 


Detection and Estimation or Vanadium. 

428 insoluble vauadium compounds can be brought into 
solution by treatment either with acids or with alkalis. The 
hydrochloric acid solution assumes a bright blue colour on the 
addition of sine. A solution of vanadyl sulphate cannot be 
distinguished in colour from one of copper sulphate when diluted 
to the requisite extent with water. It, however, of course, docs 
not become colourless in presence of metallic iron. Solutions 
of certain vanadates also closely resemble solutions of the chrom¬ 
ates. Thus, for instance, a solution of the tetravanadate of 
potassium does not differ in appearance from one of potassium 
dichromate. They may, however, be distinguished from.one 
another, inasmuch as the vanadate solution becomes blue, whilst 
the chromate assumes a green colour, on reduction. When 
a solution of vanadic acid or an acid solution of an ajjtali 
vanadate is shaken op with ether containing hydrogen peroxide, 
the aqueous solution assumes & red colour like that of ferric 

1 Koppel uid GoUmun, Ztil. anerj. Chtm., 1903. 30, 281. 

• uul bolt, Compt. rend.. 1602.135, 463. • lb,*, 7S. 
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acetate. This reaction serves to detect 1 part ol vanadie acid 
in 40,000 parts of the liquid, and is not affected by the presence 
of chromic acid. 1 

For the quantitative estimation of vanadium in a soluble 
vanadate it may be treated with lead acetate, when basic lead 
vanadate is precipitated. The precipitate is insoluble in acetic 
acid but it dissolves xeadily in nitric acid, liberating vanadie 
acid' which separates out, but dissolves completely when the 
liquid is wanned. In the analysis of a soluble vanadate this 
insoluble lead salt is collected on a filter, dried at 100 s , and 
weighed; a given quantity of the dried salt is then dissolved in 
nitric acid, the lead precipitated by pure sulphuric acid, and the 
lead sulphate estimated with the usual precautions by evaporation, 
addition of alcohol, etc., or the filtrate is evaporated and tho 
residue heated and weighed as vanadie anhydride. 2 Tho lead 
sulphate thus obtained is quite free from vanadium, whilst the 
vanadium pentoxide in the filtrate is obtained perfectly pure 
and well crystallised on evaporation and ignition. The filtrate 
from thy lead vanadate, freed from excess of load by means 
of sulphuric acid and evaporuted, yields the alkali sulphate, 
containing no trace of vanadiuut. Vanadium may be very 
readily estyuated voluiuetrically when no other reducible metals 
are pRSent. For this purpose the solution of vanadio acid 
in sulphuric acid is diluted and reduced to a vanadyl salt by 
passing a current of sulphur dioxide through it and afterwards 
boiling to expel the excess of this gas. Standard permanganate 
is then added until a permanent coloration is obtained. The 
inverse process may also be employed, and the acid solution of 
a vanadate titrated with docinormal ferrous sulphate solution, 
potassium ferricyanide being employed as indicator. 2 'Under 
these circumstances the acid is reduced to VO, and the process 
can be carried out in tho presence of copper. The reduction 
may also be effected by repeated evaporation with hydrochloric 
acid. 2 

The Atomic Weight of vanadium has been determined in 
several ways. One is by igniting vanadium pentoxide in dry 

* A). Wsrther, J. ft. Ckrm.. 1883. 88, 188. 

■ Comlnibamt. d»«. Ckim. ami., '802, 7.258. 

■ Willie ou, J. Soe. CAon. 7ei, 1903, M, 3S9. 

* Cempegne, Brr.. 1903,96. 3194. See *lto Gooch end Stookey, Amtr. J. 

1902, [4J, 14 389; Gooch end Gilbert, ItiL Ckrm.. 1903,86, 420; 
Nskuon J. Ckrm. Soc. Japan, 1921,48, 761. * 
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hydrogen, when it is reduced to the aesquioxide, and the atomio 
weight of vanadium isdeduoed from the loss in weight. 

In this manner Roscoo 1 obtained the value 51-38. A second 
and more trustworthy method for the determination of the atomic 
weight of vanadium is the analysis of vunatfyl trichloride. The 
chlorine in this compound was estimated by Roscoo both volti- 
metricolly and gra^imetrically, the results fieing 51-0(3 and 51-36 
respectively. Hie gravimetric analysis of vanadyl trichloride 
by Prandtl and Bleyer * yielded the value 51-07, while Mo Adam , s 
by the conversion of sodium vanadate into sodium chloride found 
50-97. A still further determination by Briscoe ami Little,* 
who analysed vanadyl trichloride, gave the value 60-ilG, in close 
agreement with that of McAdam. The value now adopted 
(1923) for the atomic weight of vanadium is 51-0. 


COLUMBIUM. Cb-M-i. At. No. 41 . 

429 This metal is’so closely connected with the next member 
of the same group, tantalum, that it will be most convenient to 
consider their history together. 

In the year 1801, Hatchett 5 laid before the Rqyal Society 
an investigation on a mineral known as columbiff? from 
Massachusetts, which he believed to contain a new metal 
to whjph he gave the name columbium. In the following 
year, Ekeberg,' in Sweden, investigating the yttrium minerals, 
discovered a new element in a mineral to which he afterwards 
gave the name of yttrotantalitc, whilst the same dement also 
occurred in a mineral termed tantalite. In consequence of this 
he ruflued the raotal tantalum, partly because mythological 
names were frequently used, and partly also as pointing to the 
fact “ that when placed in the midst of acids it is incapable 
of taking any of them up and saturating itself with them.” 

In 1809, Wollaston 7 endeavoured to show that columbium 
and tantalum were identical, and a fow years later Berzelius * 
more carefully investigated the oxides of the last-named metal 
obtained from tantalite, and prepared tanUlic add. After- 

1 PiO. Tram., I 6 « 8 , 168, 8 . 

* ttil. anorg. Chtm 1908, 68. 152; 1910, *7, 257. 

* J. Amer. Chit*. 8a:., 1910,39,1903. • Jour*. Chm. Sac., 1914,106,1310. 

* Pkil. Tmu., 1B0X, 99,49. « Ass. CAtis, 1902,42, 279. 

' m Tram., <809,99, 2 «. • Pagg. A ■«„ 1820,4 8 . s 
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wards, in 1839, Wflhler 1 found that the acid-forming oxide 
contained in pyrochlor and in the Bavarian tantahtes possessed 
peculiar properties; and Roso* then observed that the colurn- 
bitea of Bodenmais contained the oxide of a new metal, to which 
he gave the name* of niobium (Nb), and in 1846 he thought 
that he had found a third new metal, to which he gave the name 
ol pdopium. In life he came to the conclusion on further 
investigation that niobic acid and pelopic acid were different 
oxides of niobium, and to the first of these he gave the name of 
niobio acid, whilst the latter was designated as hyponiobio acid. 
These, however, exhibited “ a relationship so peculiar that the 
whole range of chemistry does not furnish au example of a similar 
kind."* In 1850-7 Hermann observed that niobium and 
tantalum usually occurred together, whilst in 1864-5, Blom- 
strand* showed that Hose’s hypouiobic chloride contained 
oxygen, and was an oxychloride, and Marignac 1 almost at the 
sum* time proved that tho double salts which hyponiobio fluoride 
forms with metallic fluorides ore isuuiorphous with similar 
double suits containing titanium fluoride,' Tiff* and tungsten 
oxyfluorido, WO s F,. Inasmuch as the sum of tho atoms in all 
these iaoraorphous compounds is constant, and ns, according to 
analysis, tlip hyponiobio fluoride contains three atoms ol fluorine 
for on ml oxygen, Marignac concluded that it must be an oxy- 
fluoride of the composition NbOF s , and ho succeeded in obtaining 
experimental evidence of the truth of this view. At the same 
time, ho showed that tantulic acid, which up to tliut time had 
been supposed to bo auulogous to titanic acid, and to which the 
formula TaO a had beeu given, must, like the highest oxide of 
niobium, be a pentoxido, us these two oxides occur in isomor- 
phous mixture iu several minerals, and as both metals' form 
isomorphous double fluorides, such as K,TaF, aud K,NbF 7 , 

The name columbium, originally proposed by Hatchett, has 
always been employed in America for Rose’s niobium, and has 
recently also beeu adopted iu England, whilst in Germany the 
name niobium is retained. 

The truth of this view of the composition of the columbium 
and tantalum compounds was confirmed by the experiments of 
Deylle and Troost, 1 who in 1865 determined the vapour 

1 Van- Am., 1839. 48, 91. * IM„ 1844,63, 307, OKI; I84S, 66, 118. 

* Hid., 1863,90,471. ♦ J. IT. CAtm., ISIlli, 97. 37. 

* .4m /■»»*.. 1886,14], A 6, 49. 

* Cemg. md., 1865. 60. 1221 . 
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densities of columbium chloride, columbium oxychloride, and 
tantalum chloride, wfcich were found to correspond to the 
formolm CbCl,, CbOCl 3 , and Tad,. The investigations of 
Blomstrand and Mariguac next showed that the metal dianium, 
supposed by v. Kobcil to be contained in furious coluuibites, 
is in fact identical with coluutbiutu, and Marignoc further showed 
that ilmenium, whjph Hermann believed Kb lmd discovered in 
sauiarskite, is a* mixture of coluuibium and tantalum: It 
appear? certain that neplunium, also discovered by Hermann, 
is a similar mixture. 1 ( 

. 430 The only tantalum ore of commercial importance is 
leulaliU, FeO.TojOj, of ferrous tantulutc, winds is a black 
mineral the density of which varies from 6-0 to 7-3. Fart of the 
tantalum is invariably replaced by columbium, and part of the 
iron by manganese, until in mangandantalite, MnO.Ta^Oj, 

: manganese is the chief metal present. MicroUte, or calcium 
tantalatc, Ca0,Ta J 0 I , is also known, while a very interesting 
mineral is stibioknUalilc, (Sb0),Ta(Cb),0,. 

CalumbUt, Fe0,Ub,0», ■» the most commonly occurring 
% columbium tantalum mineral. Fart of the columbium is 
’always replaced by tantalum, and manganose aocowpuuiea the 
iron. The density varies from 53 to 0-5, increasing w^th increase 
in the content of tantalum. Like tantalite, tile mineral cry-talfises 
- in orthorhombio prisms. 

Coluqjbite and tautalito have been found ip Scandinavia, 

' Finland, Russia, Ureenlaud, Bavaria, Coy Ion, Malay States, in 
Dakota and other parts of the United States, und particularly in 
Western Australia, in the Filbura and tlrecnbushcs gold-mining 
districts. 1 The Filbara district is the most important, and 
products almost entirely manganotantalitc. The accompanying 
table records the analyses of various samples of the minerals 
already mentioned. (See Tablo on p. 976.) 

Of the numerous other columbium-tautalum minerals, several 
may be briefly mentioned, since they also contain the rare earths. 
ditchynile, (ijCbjO^Ce^TiThJjOja, is essentially a columbo- 
titanato of the cerite earths, containing thorium in considerable 
quantity. It is found in Norway and the Urals. Fergiuonile, 
(Y,Ce)(Cb,Ta) 04 , is a metacolumbate of the yttrium earths 

1 Soo Smith, Pm. Afur. PM. Soe., 1806,44.161; H»U end Smith, J. Amer. 
Ckim, Sue., 1906,27,1309; Barr, Aid., 1906, », 1668; Hildebrand, Aid., ftuS. 
*t 1672. 

* See Sippwn, <W Nop,, 1908,88, 49, 77. 
tol . a. (a.) 
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Mineral. 

TenUlito. 

Columbite. 

Meogano- 

Untalite. 
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Untali 1* 
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__ 
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• 


— 

— 

-- 
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FeO . 
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13-77 

17-33 
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1-63 
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• 


— 

— 


— 

— 

0-39 

MnO . 

3-78 

2-88 

3-28 


14-10 

HH1 

— 

[niK 


... 

— 


— 

13-46 

-- 

P' 
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0-23 

0-12 

0-42 

0-10 


— 





KS 



_ 
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— 





— 

Em 

B',0, . 

- ' 



mm 


— 

0-79 

CuO . 


• - 



.— 

_ 


H,0 . 

^0-14 

-•* 


0-16 

0-07 

1-28 


Anslyit. 

Sirup- 

■on. 

lUrameli. 

berg. 

Bionutrend. 

SitB[»on^ 


containing also thorium and uranium. It occurs in Greenland, 
8oandinavia, and various localities in the United States. YUro- 
tatUalite and mmarikilt are colurabo-tantalatea of yttriuA, iron, 
and oaloium, tho latter mineral containing considerable amounts 
of uranium. Samarskite occurs massive in North Carolina, and 
has also been found in India. BuxeniU is an orthorhombic 
johimbo-titanate of yttrium, containing uranium; the iao- 
morphous mineral polyortue is similar in composition, but contains 
ess oolombium and more titanium. 

Besides occurring in these and other minerals, oolumbium and 
antaluin an frequently found in small quantities in tinstone, 
voifzam, pitchblende, monazite, and other minerals. 

Yfit the purpose of preparing oolumbium and tantalum com- 
»undg, it is best to start with columbite or tantalite, which 
ootain very little titanium, rather than to employ' one or 
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other of the minerals rich in titanium, since no methods are 
yet known for the quantitative separation of columbium and 
tantalum from titanium, at any rate when operating on a fairly 
large scale. For decomposing the roineraL Giles 1 strongly 
recommends fusion of the finely powdered substance with 
2$ to 3 time* its weight of potassium carljonato in a steel or 
wrought-iion enable. The fusion is carried out in a reducing 
atmosphere by placing the crucible, covered with a lid, inside a 
larger crucible, tho inner crucible being completely surrounded 
with charcoal. In this manner tbo columbiuifl and tantalum 
are transformed into potassium columbate and tantnlatc, which 
may be extracted from the fusion with wator, leaViug behind 
the iron and manganese as monoxides in tho form of a heavy, 
black sand. .S mall amounts of easily reducible metals such as 
tin and antimony (and tin is a constant constituent of tho minerals) 
are completely removed in the metallic state, the metal usually 
alloying with tho metal cruciblo. Tho aqueous extract is nftdo 
slightly aoid with hydrochloric aoid and heated to boiling, when 
tho hydrated pentoxidea of columbium and tantalum Separate 
out as a white precipitate. Tho precipitate is thoroughly washed 
by decantation with hot water! 

The classic method for the decomposition of the winorals is 
fusion with acid potassium sulphate. For this purpose, the 
mineral is finely powdered and fused with three times its weight 
of the baulphate; the fused mass is completely boiled out with 
water, when & residue of crude columbic and tantalic hydroxides 
is left. This is digested with ammonium sulphide for several 
days, in order to remove most of the tin and tungsten, which 
are alwjys present. The residue is washed, boiled with a little 
dilute sulphuric acid, and again thoroughly washed with water. 

The columbium and tantalum are separated by taking advan¬ 
tage of the different solubilities of tbs double potassium fluorides, 
K 1 CbOF J ,H 1 0 and K,TaF„ which dissolve in about 12 and 200 
times their weight of water respectively at tho ordinary tempera¬ 
ture. The hydroxides are dissolved in hot hydrofluoric add, 
filtered from any mineral residue or potassium silicofluoride, the 
solution treated with enough potassium fluoride to form the 
double tantalum salt, and concentrated if necessary. On cooling, 
fine, characteristic, needle-shaped crystals of the tantalum salt 
wporate out, and tfre washed with water. On evaporating the 
mother-liquor and wash-waters, more of the salt is obtained, 

» * i 99,1,2s, 
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which at last ia mixed with scales of the colnmbium salt The 
potassium tantalofluoride ia purified from (fracticaliy all impurities 
but a trace of alicofluoride by one or two crystallisations, mixed 
with its own weight of concentrated sulphuric acid and heated 
gradually to 400" until the hydrofluoric acid and most of the excess 
of sulphuric acid an; expelled. The residue is then disintegrated 
by foiling with water, and thoroughly waslnxj, first with water, 
and finally with dilute ammonium carbonate, until all the 
potassium and sulphuric acid have been removed. The pure 
tantalic hydroxide is then ignited if it is desired to form the 
pentoxidc. 

The filtrate from the tantalum salt ia treated with a further 
quantity of potassium fluoride and concentrated, when, on cooling, 
the columbium salt, K 1 CbOF,,H 1 0, separates out. Tho salt 
thus obtained contains a tittle tantalum. It is therefore heated 
to 200° for some hours and extracted with water, when u residue 
of ^otanum tantalum uxyfluoridc is obtained and removed 
by filtration. The solution is evaporated^ to dryness and the 
baking rft 200" and extraction with water are repeated until all 
tho tantalum bus been removed. From the purified columbium 
salt the silica-free hydroxide and oxide may be obtained as has 
already b»:n dcscribod for tantalum. 1 

The oxides of columbium and tantalum obtained in the pre¬ 
ceding maimer usually contain small quantities of oxides of tin 
and tungsten. These may be removed by Rose’s mtthod of 
fusion with a mixture of sodium carbonate and sulphur, aud 
extraction with water. Tho tin and tungsten pass into solution 
as thiostaunatc and tungstate, and the residual sodium 
columbate or tantalato is then washed with cold water, in which 
it is nearly insoluble, and fused with potassium bisulphate to 
recover the oxide. This treatment with sodium carbonate and 
Bulphur may have to be repeated several times. 

Tho columbic oxide still contains small amounts of oxide of 
titanium, and no satisfactory separation of this impurity is 
ktfown which docs not remove also a considerable proportion of 
the columbium. The simplest procedure is to crystallise the 
double fluoride, K,CbF„ from fairly concentrated hydrofluoric 
said five or six times; this also eliminates tin and tungsten.* 

>, 31*11, J. Amtr. Cktm. Sx.. IBM. 28, 1275; Hall sod Smith, ibid., 190 S, 87. 
1309. Boe alco RuS uid Schiller, Aril. in,. Ckem.. 1911.78.329. 

* flclhs ud Siuitb, J. Amtr. Ckem. Sx., 1908,80, 183J; of. Hdl, Joe, til.; 
Sail mfd S m ith, lx. eU. • 
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Ruff and Schiller prefer to eliminate titanium by fractional dis¬ 
tillation of the coiumtjium pentachloride, the titanium chloride 
being much the more volatile. 

431 Columbium waa first obtained by Blomstrand , 1 by reducing 
the chloride in hydrogen, as a mirror-like deposit on tho tube, 
but it was not certain whether this was the pure metal or a 
hydride. Roscoe 3 obtained it in the form Bf a steel-grey crust, 
by passing the Vapour of tho pure chloride together "with 
hydrogen repeatedly through a red-hot tube; this was then 
more strongly heated in n porcelain tube,, through which 
hydrogen was passed. The metal contained only 027 jier cent, 
of hydrogen as well as a small quantity of chloride und oxide, 
the latter being derived from diffused air. It has been prepared 
in a somewhat impure condition as a metallic regulus by heating 
the pentoxide with carbon in the electric furnace , 1 anil by 
reducing the pentoxide with the mixed metals of the cerite 
earths, the method being the same as that employed for 'jana- 
diuru (p. 918).* It can bo obtained in the pure condition by 
preparing filamcnts’of the oxide, <’bO„ by heating \ mixture 
of the pentoxide and paraffin which has been pressed into 
threads, and then reducing this by passing through it an 
alternating current in vacuo. The regulus obtained by tho 
aluminium reduction of the pentoxide may moreover be freed 
from aluminium by being heutist in vacuo in an electric furnace . 1 
The mjtnl has the sjitrific beat 0-071 and the density 8 -f, and 
melts at aliout 1950’. The [Hire metal has a light grey colour, 
and is about hs hard as wrought iron. It can bo rolled into 
foil and then drawn into wire, and can be welded at a red heat. 
A regulus fused in a vaeuum consists of crystals, apparently 
rhombic, several mm. in length. It combines only slowly with 
oxygen, even when it is strongly heated, and unitea with hydrogen 
to form the hydride, C'bH. Thia compound, which has also 
been obtained by Marignac, resembles the metal in its behaviour 
to acids, and burns when heated in tho air.' Columbium is 
not dissolved by hydrochloric or nitric acid or uqua regia, ijven 
when heated, but when alloyed with other metals is attacked 
by acids. It is attacked by fused alkalis and fused oxidising 
agents, and combines with nitrogen at 1200 ’. 

1 /. pr. Chrm.. 1800, 97, 37. * Mat. Manrk. ml. Sue.. [3], II, 1911. 

* Moiuan. Compl. rptd., IU01,138, ill. 

* Weita and Aichel, Annoln, 1804, 337, 380. 

‘ Wonwr von Bolton, Ztit. KMtrtxhm.. 1007, 18, 140. 

* Krtuj mud .\imoo. Ber., IS87. 80, .1691. 
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COMPOUNDS OF COLyMBIUM. 

COLUMDIUM AND OxYCJBN. 

432 The two lover oxides of columbiura are usually known 
as the dioxide, t’b,0„ aDd the tetroxide, Cb,0 4> although they 
would more property he termed the monoxide, CbO, and the 
dioxide, CbO a . * < 

Columbium Dioxide, CbO or CbjO„ is formed when dry 
potassium columbium oxyfluoride is heated with sodium under a 
layer of potassium chloride over a gas blow-pipe, and was thought 
by lto«o to the metal. Tho fused mass is boiled with water, 
and the residue washed with water and afterwards with dilute 
alcohol. It then forms a white powder which on heating in the 
air oxidises with vivid incandescence. When gently wanned in 
chlorine gas, it burns with formation of oxychloride, and it dis¬ 
solves in the moist state in hydrochloric acid with evolution of 
hyifrogen. If .the vapour of the oxychloride bo passed over 
heated nuignesium wire, the same compound is formed in crystals 
which belong probably to tho regular system. 

Columbium Tdronde, CbO a or Cby0 4 , is obtained as a heavy, 
black powder, which appears blue by reflected light, by heating 
tho pentotidc very strongly in hydrogen or with metallic 
magnesium . 1 It is not attacked by acids, and bums in tho air 
when heated to redness. 

Votmubiitm Prutnride, Cb a O s .--Tlic preparation of tins oxide 
bos been already described. It is a white, amorphous, infusible 
powder having a sp. gr. of -1-5 to 6-0, according to its method 
of preparation, and becomes yellow and crystalline when strongly 
heated. It may be obtained in prismatic crystals of ■ ap. gr. 
4-668 by fusion with boron trioxidc or borax. 

Colmnbic Acid or Columbium Hydroxide, HCbOj, is obtained 
as already described on p. 977, and is also formed by the decom¬ 
position of the oxychloride or pentachlorido in moist air or with 
water. It is a whito powder which, when dried at 100°, retains 
varying quantities of water, and is converted into the pentoxide 
it a red heat with incandescence. It is only slightly soluble in 
tot hydrochloric acid, but the residue, after this treatment, can 
if'dissolved in water. On the addition of anc the solution 
recomes blue and a hydrated precipitate, probably of Cb,0 4 , 
operates out. The solution of columbic acid obtained by 
t 1 Smith ud Mhi, Ztil o*c rj. Cktm., ISM, 7)' 96, 
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treatment with hydrochloric acid gives, on the other hand, a 
brown colour with fine, and a brown oxide separatee out which 
has the composition Cbfi^ CbO,2CbO,). Columbic acid is 
easily soluble in caustic alkalis and their carbonates. 

CUumbala.— The salts of columbic acid are termed columhates. 
Many of these salts were described by the early workers on 
columbium; but comparatively few were definite chemical 
individuals. The first definite sodium salt, 7Na 1 0 > GCb 1 0j,32ll,0, 
was prepared in 1905 by Bedford. 1 Sinco then the columbates 
have been carefully studied by lialkc and Smith, 1 who have 
shown that several series of these salts can be obtained. 

The 7 : 6 series, 7M l t 0,CGb J 0 6 ,xH,0.—The sodium salt of this 
series may bo prepared by precipitating potassium columbium 
oxyfluoride in aqueous solution with three times its weight of 
caustio soda, washing the precipitate with cold water, and 
retrystallising from boiling water. The salt is not very soluble 
in hot, and almost insoluble in cold water. It may ali« be 
obtained by fusing columbium pentoxido with four parts of 
caustic soda or 3 parts of sodium carbonate, extracting most of 
the excess of alkali with cold water, and crystallising the residual 
sodium columbate. The salt is precipitated unchanged from its 
aqueous solution by the addition of alcohol, and from it, by 
double decomposition, the corresponding barium, silver, and zinc 
salts have been obtained. The potassium, cicsium, and lithium 
salt* oh this series are also known. 

The 4:3 series, 4 M', 0 , 3 Cbj 05 ,xH, 0 .—The potassium, rubidium, 
and caesium salts are known. The last two salts crystallise with 
14H,0 and are isomorphous with each other and with the corres¬ 
ponding tantalates. The potassium salt crystallises with 16H,0 
and is the easiest columbate of potassium to prepare, being 
obtained by fusing columbium pentoxido with twice its weight 
of potassium carbonate and crystallising the product from water 
(Msrignac). Its aqueous solution yields the 7:6 salt when 
precipitated with alcohol. 

The I: I series, M l 1 0,Cb 1 0 s ^H } 0. — Tho sodium salt, 
Naj0,Cb,0,,7H,0, separates out when the mother-liquor from 
the crystallisation of the 7 :6 salt is allowed to evaporate spon¬ 
taneously, and may be prepared by slowly evaporating,an 
aqueous solution of the 7:6 salt on the water-bath while an 
atmosphere of carbon dioxide is maintained above the solution.* 

1 J. Amir. Ck m. Ax. 1905. 17, 1210. * Ibid.. 1908,80, 1637. 

• BsJth ud nn Hugen, J. Ana. CUm. Bee., 1915, 17, 1783. * 
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It is much more soluble than the 7:6 salt. It becomes anhydrous, 
but is stable at a red heat. From the aqueous solution, by 
double decomposition, the silver, magnesium, copper, cadmium, 
and aluminium salts have been prepared. 

The. 3 :4 series, ^M',0,lCb,0j,rH 2 0.—Only the rubidium salt 
is yet known. 

Numerous crystalline columbates have bee# prepared by fusing 
the precipitated salts with the corresponding*chlorides or with 
boric add. 1 

Ptmhmbie Add is formed as an amorphous, yellow powder 
when colunibic acid is wanned with hydrogen peroxide, or when 
sulphuiic acsl is added to a solution of potassium percolumbate 
and the solution dialysed and evaporated. It has the composi¬ 
tion of n hydrated percolumbic acid, HCbO,, and is decomposed 
by dilute sulphuric acid only on warming, thus differing from 
other per-acids.* Tho percolumbic acid, Cb(OH), or 
Cb J 4)j,Hj0 1 ,5H a 0, has also been prepared* 

Orthopercolumbatea of the general formula MjCbO„ where 
M is a univalent metal, have been obtained Sy Balke and Smith; * 
these represent some of the most highly oxidised series of salts 
known. They are prepared by adding an excess of hydrogen 
peroxide t<j nn aqueous solution of nn alkali oolumlmto, together 
with the corresponding alkali hydroxide, and prccipifatiug with 
alcohol. The potassium, sodium, rubidium, and crauum Milts 
arc. anhydrous, white, crystalline solids,-quite stable it*nir and 
in warm tupieous solution; they are decomposed, however, with 
liberation of oxygen, when the aqueous solutions arc boiled, 
By double decomposition the following pcmolumbutos have also 
been prepared: 

MgNa(7>0„8fr,() MgtWbO^H.O 

MgKCh(),,7II,0 CaNaCbO,,4HjO 

MgKbCb0„7JH,0 CaKCbU l ,4H l O 


CoLUMDIUM AND THE HaLOUENS. 

433 Cohwibiiwt PentaJIuoride, CbF„ is prepared by treating 
the pentachloride with anhydrous hydrogen fluoride, and frac- 

1 lareson. XfU. nnorj, I'ltm., 1380, 18, 188. 8n> *l«o H.OmijuUt, Joure. 
rk rp. Six., INW, 74. U, SS8. 

• Mfltkofl and I'ciwurjemliy, Zeti. bhobj. Chat„ 1809, 80. 340. 

' Halt anil Smith. J. Amrr. Ck cm. Six., 1905, 87. 1369. f 

* J. Amtr. Cktm. Soe., 180», 30, 1637. ' i 
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donating out the product under reduced pressure. It is a 
colourless, crystalline \olid of density 3-29, which melts at 75-6° 
and boils at 217—220°. It is rapidly decomposed by water, 
acids and alkalis, alcohol, and ether. 1 • 

Cohimbiim (hyfivon&e, CbOF„ is obtained by igniting a mix¬ 
ture of pentoxide and fluor-spnr in a ourrcnfrof hydrogen chloride, 
in the fonn oh Small crystals closely resembling zirconium 
fluoride. It forms double salts with other metallic fluorides, of 
which those of potassium nnd ammonium have been investigated 
by Marignac, who prepared the following: 

2NH 4 F,f'bOF, * 
3NH,F,Cl>OF, 
r»NU 4 F.3rb0F 5l II 1 0 
NH 4 F,C1»0F, 
3NTi 4 F,CbOF a ,CbF 5 

These are crystallishble, and arc formed by dissolving oolmnbie 
acid in a larger or smaller quantity of hydrofluoric acid and 
adding the other fluorides* in various proportions. The first 
salts of the two scries, which Marignac terms nornjal salts, are 
those which are readily formed. The normal potassium Balt 
is formed whenever the others arc recrystallised, and is de¬ 
posited in the form of thin, monoclinic scales soluble in 12 parts 
of water at the ordinary temperature. It is isomorphous with 
potassium tungsten oxyfluoride, 2KF,W0,F„ and with potassium 
titanofluoride, K,TiF,. By dissolving the normal oxyfluoride 
in hot hydrofluoric acid polattium cnbtmbifitinridf, K a CbF,, is 
formal, which is deposited in glistening, rhombic needles. The 
normal ammonium salt crystallises in rhombic tablet*, 
and is isomorphous with ammonium tungsten oxyfluoride, 
2NH 4 F,WOjFj. 

Rubidium, cumin, and thallous double fluorides of the type 
2M'F,CbOF, arc also known, and a sodium salt of the com¬ 
position 3NaF,CbOF a . Like the potassium compound, the 
rubidium and cresium salts are transformed into double fluorides 
of the type 2M'F,CbF, when crystallised from fairly concentrated 
hydrofluoric acid (Balks and Smith). 

A double fluoride of the formula 2KF,3CbO t F is gradually 
deposited in small quantity as a white powder when a solution 

' ‘ Ruff and Schiller, Zed. mr;. C »o*., 1911, 78, 3*9. 


2KF.CbOF„ir.O 

3KF.CbOF, 

5KF,3CbOF 3 .JI.O 

4KP,3ntnF„2li 2 0 

HF.3KF.CbOF, 
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of the normal potassium oxyfluoride is boiled for a considerable 
time: * * 

S(2KF,CbOF^ 4 + 3H,0 = 2KF,3CbO t F + 4KF + 6HF. 

It is readily soluble in hydrofluoric acid. 

Hydrogen peroxidh converts the oxyfluoijde into a peroxy- 
fluoride, CbO,F 3 , which crystallises in yellowish plates.* The 
double sodium and rubidium peroxyfluoridea have been similarly 
prepared (Balke.and Smith). 

Cahmbium Trichloride, CbCI 3l is obtained when the vapour 
of the pentachloride is slowly passed through a red hot glass tube, 
and when the oxide is heated with phosphorus pcntachloride.* 
It either forms crystalline crustR which have the appearance of 
iodine, or is found crystallised in long needles which are dichroic. 
It is neither volatile nor deliquescent, and is not decomposed by 
watsr or ammonia, but is easily oxidised by nitric acid. When < 
heated in the air it emits thick vapours, and when ignited in a 
current af carbon dioxide it. forms colufnbium oxychloride, 
CbOClj, and carbon monoxide, a reaction which is not exhibited 
by any other metallic chloride (Roscoc). 

Cohmbitijn Pcnlnchloride, Cbfl s .—When an intimate mixture 
of columbium pentoxide and a large excess of sugar charcoal is 
heated in ft current of chlorine perfectly free from air, yellow 
needles or the above compound ore formed. The chtgride is 
duo formrd 4 when the pentoxide is heated in the vapour of 
tulphur monochlorido and chlorine, or carbon tetrachloride and 
•hlorine, or heated with carbon tetrachloride in a sealed tube 
it 200°; and, together with the oxychloride, when carbon 
etrochloridc is passed over the heated pentoxide. It‘has a 
tensity of 2-75, melts at 194°, and boils at 240-5°, but begins to 
■ublime at 125°. The yellow vapour has a specific gravity of 
'-6 (Pevillo and Troost), the formula requiring 9-38. The 
blonde is soluble in cartion tetrachloride, sulphur monoohloride, 
hloroform, and alcohol. It dissolves in hydrochloric acid, 
arming a liquid which gelatinises on standing, and when diluted 
rith water or boiled almost all the colurobic acid separates out. 

■KrOm ind Nilwn, Bn., 1887, 20. 1678. 

1 Picdni. MciL mart. Chta i„ 1892, S. 22. 

* Bennington, chem. Kan, 1897, 79, S8. 

• Smith. J. Artur. Chem. Sot., 1808, 20, 280; Holt .ml Smith, ibid., 1906, 

f. 1399; Hell, ibid., 1904,28, 1239: Rug uid Schiller, faL mart- Clem., 
HI, 72, 329. « 
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Metallic rino brought into the solution turns it a deep blue 
colour. « 

(Jolumbium Oxychloride, or Cohmbyt Chloriie- l CbOCl,, is formed 
by the direct union of the dioxide with chlorine, and also when a 
mixture of the pentoxide with a small quantity of carbon is heated 
in chlorine. It is best formed by heating the pentoxide in carbon 
tetracbloride vapour, and eliminating the pentachloride, also 
produced by repeatedly distilling the mixture in a current of 
carbon dioxide over the pentoxide. (Hall and Smith). It is a 
colourless, fibrous, crystalline mass, which volatilises without 
melting at about 400°, giving rise to a colourless vapour, the 
specific gravity of which was determined by Deviflo and Troost 
to be 7-88, theory requiring 7-48. When heated in carbon 
dioxide, and still more readily in hydrogen, it decomposes into 
pentoxide and pentachloride. It deliquesces on exposure to 
moist air, with formation of crystalline columbic acid, whilst 
when brought into contact with water it decomposes violflitly, 
forming amorphous columbic acid. 

Double salts with various alkali chlorides and orgallic hydro¬ 
chlorides have been prepared. 1 

When colmnbium oxide "is heated in hydrogen chloride a 
hydroxycblnride, Cb > 0 4 ,3H,0,HCl, is formed which is volatile at 
a high temperature.* Hydrogen bromide yields an analogous 
compound. 

Columbian! Fcntabromidc, CbBr s , obtained by tho direct, union 
of its elements,* closely resembles the chloride in properties. Jt 
is a purple-red mass, which forms deep garnet-red, prismatic 
crystals. It melts at about J50° and boils at 270°. 

Columbivm (foybromide, CbOBr,.—When a mixture of the 
pentoxide and double its weight of csrbon is heated in broinino 
vapour a yellow, voluminous mass of the oxybromide is obtained, 
which Rublimcs without fusion in an inert atmosphere laden 
with bromine vapour, and even at comparatively low tem¬ 
peratures begins to decompose into the pentabroinide and 
pentoxide (Barr). 


Halide Bases of Colombium. 
Chlorocohimbium CUoridt, (CbjClJCl^HjO, is obtained "by 
hearing coiumbium pentachloride with seven parts of 3 per cent. 

1 Wain land and Kton, her., 190*. 38. SOM ; Ztit. aaery. firm., 1907, Si 223, 

* Smith and Maaa, Ztit. axerj. Cbm, ISM, 7, 98. 

• Ba irtJ. Am*. Cbm. Sac.. 1908, JO. 1868. 
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sodium amalgam in vacuo at a temperature just sufficient to 
propagate the initial reaction through the »aas, and subsequently 
heating for an hour to a temperature at which Jena glass begins 
to soften. The mass is cooled in vacuo, extracted with boiling 
water, the solution Altered from brown residue, and concentrated 
after the addition of a little hydrochloric acid, The yield is 
very small. . 

The chloride separates in small, shining crystals which appear 
black but give a green powder. It is very slightly soluble in cold 
and not very soluble in boiling water, the solution having an 
olive-green colour. It is not completely decomposed by ammonia 
even on long failing, but boiling nitric acid decomposes it. The 
compound dissolves in concentrated alkalies to form a dark 
greenish-brown snlutiou, from which, on adding excess of hydro¬ 
chloric acid, a brown chloride, Cb,0 H ,911,0, is obtained differing 
in constitution from the original chloride, although in composition 
it oTily differs in its water content. The brown chloride is 
rc-cnnvcrtcd into the green chloride when dissolved in water, 
the rate df change being rapid in boiling solution. 

A solution of ehlorocolumbium chloride, when treated with the 
theoretical amount of sodium hydroxide, gives) u black, crystalline 
precipitate .of ehlorocoluwbiwu hydroxide, (Cb,Cl„)(0H),,8n a 0, 
soluble in both acids and alkalis. From ita solution in hydro- 
bromic acid, chinnedtimbium bromide, (Cb 8 Clij)Br.,7H a O, may 
be obtained in crystals which rcaemhlo tho chloride but aje more 
soluble in cold water. 1 

Coi.UMBWM AND StT-WR. 

Cohimbium Sulphide .—When columbiuni pentoxide is heated 
to redness for a sufficient period in hydrogen sulphide it pAduces 
n brown product containing only columbiuni and sulphur. The 
product ib black when a mixture of hydrogen sulphide and carbon 
disulphide is employed. No definite sulphide or oxysulphide 
has yet been obtained.* 

COLUUUJUM ANI) NlTROOBN. 

<35 Columbiuni Nitride, CbjN,.—Metallic columbiuni forms 
ifellow nitride* when it is heated in nitrogen at 1,200°. A 

1 Homed. J. Aater. Chtm. Soc., 1913, 36, 107S. 

1 Bills and Gander, Bn., 1907. «0. 4W3. 

* Hainan, Cam pi. read.. 1901, 183, 20: Muthroonn, WwM, and Rcidelbaueh, 
dsMtenf 1007, 366, 58. 
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nitride also ia presumably precipitated when dry ammonia gas is 
led into a solution of the pcntachloridc in carbon tetrachloride. It 
ia aeparated from co-precipitatcd ammonium chloride by washing 
with water, and is decomposed by caustic alkali with the evolu¬ 
tion of ammonia . 1 When columbium pentoxide is heated to white¬ 
ness in ammonia it loses the half of its oxygpn, and forms a black 
powder contain^ nitrogen. If the oxychloride be treated with 
dry ammonia it becomes hot and turns yellow. This mass, 
when heated, gives off ammonium chloride, and a black powder 
remains behind, which, when melted with caustic potash, yields 
ammonia in large quantity, and on heating in the air burns with 
incandescence. It is not attacked either by boiliflg nitric acid 
or aqua regia, but dissolves readily in a mixture of hydrofluoric 
and nitric acids. 


Detection and Estimation of Columbium and TantaIum. 

436 All columbatys and tantolatcs are decomposed when tho 
finely powdered minerals aro fused with six timea tliSir weight 
of potassium hydroxide in a nickel or silver crucible, and on 
extracting with water potassium columbatc and Uintulala pass 
into solution. On acidifying tho solution, columbic and tantalic 
acids separate out as a white, amorphous precipitate somewhat 
soluble in excess of acid. After treating the washed precipitate • 
with atomonium sulpliide to remove any tungstic acid, it may 
be tested for tantalum by dissolving in hydrofluoric acid, adding 
potassium fluoride, concentrating to a small volume, and allowing 
it to cool; characteristic needles of potassium iiuotantalutc 
separq{e out if tantalum is present. The filtrate is evaporated 
with excess of sulphuric acid to expel fluorine, cooled, diluted 
gradually with water, and treated with metallic zinc; if oolum- 
bium is present a blue coloration is developed, due to a compound 
in which columbium is quadrivalent or trivalent . 8 For carrying 
out the colour test, Giles 1 recommends that the solution of 
potassium tantalato and columbatc bo acidified with an exbeas 
of either oxalic or phosphoric acid, which holds tho acid earths 
in solution, and the hot solution treated with zinc dust, when a 
yellow, brown, or nearly black colour is developed, accordinyto 

the amount of columbium present. Titanium, if present, gives 

• 

1 Hall sad Smith, J. Amu. Vkm. 5oe„ 1305, 87, 136V. 

' See «Im Stabler, Bv„ 1*14. 47, MI. 

• 1 CKtn. New,. 1907 . 84 , * 7 . 
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a similar colour when oxalic add is used, but a lilac or violet 
tint if excess of phosphoric acid is present! 

In a reducing flame, the microcosraic salt bead is coloured blue, 
violet, or brown by columbic acid, and after the addition of a 
little ferrous sulphate becomes red. No colour is produced by 
tantalic acid. t 

For the quantitative estimation of columbium and tantalum 
there arc several methods available for decomposing the minerals. 
In some respects, the neatest method is to heat the finely divided 
mineral in a stream of sulphur monochloride vapour. 1 Colum- 
bium, tantalum, titanium, ailicon, zirconium (?), tungsten, 

. antimony (?)?and most of tho iron ate thus removed as volatile 
chlorides and collected in a receiver charged with dilute nitrio 
acid. This is treated with excess of ammonia, and hydrogen 
sulphide passed in until the separated sulphur has dissolved. 
Tungsten and antimony remain dissolved in the liquor, and, on 
filteflng and washing, the mixed hydroxides of columbium, 
tantalum, titanium, silicon, and zirconium are obtained, together 
with ferrfua sulphide. These are boiled with dilute sulphuric 
acid until the residual hydroxides of columbium, tantalum, 
titanium, and silicon are white. The small amount of the acid 
oxides which passes into the filtrate is roprecipitated by making 
the solution nearly neutral and boiling while a current of hydrogen 
, sulphide passos through it to maintain tho iron in tho ferrous 
state. The titanium may now be removed from tho' mixed 
hydroxides by boiling for several hours with excess of salioylio 
aoid solution, in which it dissolves, 1 forming a yellow solution. 

The method that has been most frequently used in decomposing 
cclumbium-tantalum minerals is fusion with an excess of pot¬ 
assium hydrogen sulphate, the mixed acid oxides being separated 
os has already been described on p. 977. Aocording to Simpson,* 
it is preferable to fuse with six parts of esustio potash, and extract 
with dilute hydrochloric acid, for opening up the minerals. In 
both these procedures, the presence of much titanium causes a 
considerable amount of the columbium and tantalum, particularly 
the former, to remain in solution.* 

> Hickj, J. Am*. Chem. Soc., 1911,38, 1492. 

’-lHUrioh sod fiamd, tot oaery. Chat, 1908, 56, Ut, 346; Muller, 
J. Am*. Chat Sot, 1911, 33, 1606. 

• m. Wut Australia Gal. Sot, 1906, 88, 71; Chat AW. 1909, M, 248. 

* Noyeo, rmh. Oort, 1904, 17, 918; Warn, Am*. J. Sd„ 19W, [41 
88,590; Crook ud Jotuutoee, Milt Ms}., 1919, II, 244; Simpeou, lot at 
Sea aiao Sekoaiiac aod Fowall, Jam. Chat Sot, 1921,119, f#97. ' 
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for the separate determination oi the columbium and tantalum, 
it ia simplest to weigh the mixed pen to rides and to determine 
the columbium by a volumetric process, based upon its reduction 
to a state corresponding approximately with the oxide (Jb, 0 , 
and titration with potassium permanganate? The reduction is 
effected by means of zinc in a sulphuric acid solution, succinic 
acid being added tp maintain the ooluiubiSm and tantalum in 
solution. 1 • 

The only gravimetric process known is the classic procedure 
of Marignuc,* or oae of its modifications.’ The mixed hydroxides 
ore dissolved in a small excess of hydrofluoric acid, and the hob 
solution mixed with one of potassium fluoride, using about two 
parts of the latter for each part of mixed oxides estimated 
to be present. The solution is concentrated to a small volume 
(10 cubic centimetres per grain of mineral under analysis) and 
Bet aside to cool. The bulk of the tantalum crystallises out us 
K,Taf „ which is washed several times with very little wiftor. 
filtrate and washing* are concentrated to half the previous 
volume and cooled, When a further small crop of tantalum suit 
is obtained, washed, and examined with a lens for flat plates of 
the columbium salt, which suust bo removed, if present, by 
further wusliiug. A third crop of crystals is similarly obtained, 
examined, and washed. 

The float filtrate aud washings, containing the columbium, is 
heated |ith excess of sulphuric acid to expel the fluorine, diluted 
with water, inudo slightly alkaline with ammonia, and heated to 
boiling. The colambic hydroxide is filtered, washod, ignited, 
and weighed os (Jb,0,. Thu tantalum is similarly estimated in 
the combined crops oi crystals, and the result increased by a 
small dbrrection based upon the volumes of mother-liquor and 
wash-liquor obtained from the third crop of crystals. This 
arrection is, of course, subtracted from tho weight of Cb,U,. 

The Atomic Weight of columbium was determined by Kose, 
Hermann, and Blomstrand, but their results are now of historical 
ntereet only; and the first fairly accurate value, 91, was deter- 
nined by Marigaao in 1995, from analyses of K,t'bOf„U,0. 
this value was unchallenged for over fifty years, when in 1909 

1 Metager sod Tsjrlor, Zeit anorg. fit*., 11X10, 62. 3S2; (,'htm. .Yew, 
»», 1M, tit, 270. See *1*0 levy, Analpi, ISIS, 40. 204. 

• dim. Pip., 1SSS, (4J, 8, 5, 40. 

* Hiiinbeig *nd Wlusr, 2tU. aa/tu. 1013, 23, 147 1 Kufl sail 

duller, Zgt. a marf. C*m, 1011, 7A 329. • 
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Balke and Smith 1 determined the ratio 2CbCl c : Cb,O s by 
decomposing the chloride with water am^ igniting the columbic 
acid to oxide. Their results led to an atomic weight of tKJ-5. 
Subsequent work has shown that this method is not capable of 
giving results of fue highest degree of accuracy, and a more 
trustworthy method was found by Smith and van lfaagen , 1 who 
transformed SOI llllld metacolumbate iuto sodium chloride by 
heating it in sulphur monocbloridc, and *from the ratio 
NaCbU,: Natl obtained the value ‘J.f-13. Tho number at 
present [lM2) adopted is accordingly UlM. 

TANTALUM. Ta * 1815 . At No. 73 . 

437 Metallic tantalum was first obtained in an impure state 
as a black powder by llcrzolius, who heated potassium tautalo- 
lluoride with potassium. Moissan succeeded m preparing it as 
a fused r eg ulus by reducing tho pentuxidu with carhou in the 
electric furnace, but the metal thus obtained eontaiucd carbon, 1 * 
It was Ivat obtained pure by vou Bolton, k who prepared it by 
carrying out UorxcJius'a reaction, and thou heating the com¬ 
pressed powder of the metal in an electric furnace iu a 
vacuum, and also by 1 Kissing a current through a filament of 
Tu,0 ( in a vacuum, the oxygen being thus removed and a filament 
of the motal loft . 1 It is also formed when the peutoxidc is 
reduced by crudo cerium (Weiss and Aiehel), but tho teinjwrature 
is not sufficiently high to melt the tantalum, wliieh is obtained 
as a aiiver-wluto, porous mass. It is manufactured by tho 
uctiou of sodium on sodium tantulottuoride, or by tbe electrolysis 
of fused potassium Uuotnntalate, followed by mcltiug tho crude 
metal in vacuo.* • 

The pure metal is silver-white in colour, has tho sp. gr. ltPW 
(von Bolton), melts at 2,800° (I’ixani and Meyer), and has a 
normal atomic heat. Its compressibility is 0-54 x 10"V It’is 
os hard as soft steel, and when hot can be rolled, hammered, 
and drawn iuto wire. Tho tensile strength of the metal is very 
high, a fine wire giving a breaking test of W kilograms per 
iquare nun. 

J J. Amtr. CW Six., 190S, SO. 1944. ■ It*., 1915, 87, 1789. 

• Campt. nnd., 1902, 184. 211. 

■ hit. KUttratem., 1905, 11, 45. 903. 722; 0,rm«n PaleoU, 152848j 
162971); 169920; 166649; 101091; 103414; 171662, 

• Zul msm. CW, 1900, 84, I, 637. • Uininp Journal, 1900, SO, 363. 

' RUtank sad Butlsw, J. Amtr. CW Sac.. 1918, 87/470. 



TANTALUM AND OXYGKN • Ml 


When heated in the air, thin wire burns, whilst more compact 
masses are oxidised aifperficially. The red hot powder decom¬ 
poses water, and in the form of wire readily absorbs nitrogen and 
hydrogen, 740 volumes of the latter being taken up at a yellow 
heat. About three-quarters of this is lost in a vacuum at a red 
heat, but the remainder, which renders tig' metal brittle and 
increases its elcctgidhl resistance, is lost only on fusion . 1 Tan¬ 
talum is not attacked by aqua regia nor by any single acid except 
hydrofluoric acid, which dissolves it much more readily when 
the metal is in contact with platinum. It is attacked also by 
fused alkalis. It combines with nitrogen at a high temperature, 
more readily with sulphur. Csrbou appears to form with it a 
carbide and renders the metal brittle. Alloys with iron, tungsten, 
and molybdenum can be obtained. 

The chief purpose for which metallic tantalum is employed 
is for the preparation of filaments for electric lamps. Wire of 
0-05 mm. diameter is employed, and as the resistance is much 
less than that of a qarbon filament, a much longer filament ia 
used than in a carbon lamp. The lamps require only about 
half the energy needed byj» carbon lamp of equal candle- 
power. 

It has also been suggested to use tantalum iu place ef the more 
expensive platinum for crucibles, electrodes, etc., and for dental 
and Burgical instruments. 

• 

COMPOUNDS OF TANTALUM. 

Tantalum and Oxygen. 

438 faMalum Ttlrozidc, TOjO, or TaO,, is formed when the 
pentoxide is heated in a very small carbon crucible, exposed to 
the highest heat of a wind furnace, or reduced by metallic mag¬ 
nesium. It is a porous, dark-grey mass which scratches glass, 
and when rubbed on a hone baa a steel-grey colour. It gives a 
dark-brown non-metallic powder, and is not attacked by acids, 
even by a mixture of hydrofluoric and nitric acids, but burns 
when heated, with formation of the pentoxide. 

Tantalum Pentoxide, Ta,0,.—The preparation of this body has 
already been described (p. 977). It ia a white, amorphous, infus¬ 
ible powder which when strongly heated becomes crystalline, and 
then ignited with boron trioxide or melted with microcosmic 

‘ 1 Pkeioi, 2c*. SUkMnm., 1906,1L 666. 

rot. n. (0.) 
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salt in a porcelain furnace is obtained in rhombic prisma. 
When gently heated it has a specific gravity of 7-35, which 
after exposure to a white heat rises to 8-7. The ignited pentoxide 
does not dissolve in any acid. 

Tontolie Acid or Tantalum Hydroxide, HTaOj, is obtained in 
the form of a gdatijous mass when tho chloride is quickly mixed 
with water. If, however, the same eom{*Hgkd be exposed to 
moist air until it is decomposed, and then mixed with water 
containing ammonia, the hydroxide is obtained as a crystalline 
powder, which bhen dried at 100° possesses the above composi¬ 
tion, und is converted with vivid incandescence into pentoxide 
when heated to low redness. Tho hydroxide obtained from the 
double fluoride by treatment with acid potassium sulphate does 
not exhibit this phenomenon. Tantalic acid dissolves in hydro¬ 
fluoric add, and, when freshly precipitated, in other acids. 

The TutUalalcs —The normal tantnlates, to which class tho 
tantalum minerals belong, are nil insoluble in water. Besides 
these, others arc known, derived from the unjaiown hydrate, hexa- 
tantalicVid, If,Ta,0„, or 4[f,0,3Ta,0 6 , of which only the 
compounds of the alkali metals are soluble in water. 

Potassium Hrxalantalute, dKjO.'JiTiijOj,1011,0, is formed by 
dissolving *tlio arid in caustic potash, and also by fusing the 
pentoxide with double its weight of caustic potash. The fused 
mass is dissolved in water and allowed to evaporate in a vacuum. 
Transparent, glistening, monoclinic crystals ore thus jbtuined 
which dissolvu in lukewarm water without decomposition. On 
boiling or ovajiorating in the air, suits containing more tantalum 
are formed. If it be repeatedly ignited with ammonium 
chloride mid washed with water the normal salt, K^aOj, is 
obtained. 

Sodium llaataMtalate, 4Na,0,8Ta 2 0 5 ,2511,0, is obtained in a 
similar way to the jsitassium salt, a vivid incandescence occurring 
whou tlm mixture is heated to redness. Tho fused mass m 
boiled out with water, and the solution cither allowed to cool 
or; inasmuch os the salt is insoluble in caustic soda, poured 
on to the top of a strong solution of this substance. It 
crystallises in small, hexagonal tablets which dissolve at 13-5° 

493, and at 100° in 102 parts of water. It is not decomposed 
by boiling water, and if the aqueous solution be mixed with 
alcohol a precipitate of NaTaO„H,0 is formed, and this 
becomes anhydrous on ignition. The anhydrous salt is also 
forme# by the ignition of the hexatantalate. 




TANTALUM AND THE HALOGENS MS 


Rubidium and Catium hexatantalatea crystallise with I4H,0 
and are isomorphous tfith the corresponding columbates. 1 

When tantalum pentoxide is strongly ignited with the chlorides 
of calcium, magnesium, and other metals, crystalline tantalatee 
of these metals are obtained. 1 

Pertanlalic Acid .—When a large excess of. hydrogen peroxide 
is added to a solutiuh of potassium hexatantalate and potnssimn 
hydroxide and the liquid mixed with an equal volume of alcohol, 
a white, crystalline precipitate of jiotassium periatilalale, K,T«0,, 
is obtained. 1 This salt is decomposed by sulphuric acid with 
formation of a white precipitate of hydrated pcrtantalic acid, 
HTaO ( . This substance is moro stable than percolumbic add, 
but yields hydrogen peroxide when heated for some time at 
100“ with dilute sulphuric acid, and evolves ozonised oxygen when 
treated with concentrated sulphuric acid. The salts appear 
to be derived from the unknown ortho-form of this acid, whjch 
would have the formula (!IO O)jTaO s . The sodium, rubidium, 
and cniiiin salts are also known.* 

Taf.TAr.UM AN* THE IIaIAIGENS. 

439 Tantalum Pmtajluoridc, TaF s , is [irepared exactly like the 
coluinbium compound, which it closely resembles in properties. 
It forms large, colourless prisms of density 4-741, melts at 90-8°, 
and boil* at 229-2 to 229-5°.* 

Potassium Tantuhjluoriilc, K,TaF 7 .—'The mode of preparing 
tbiB salt has been already described (p. 977). It forms small, 
rhombic needles which readily melt, hut it docs not decompose 
when ignited even to whiteness in a platiuum vessel. It is 
easily soluble in hot, though sparingly so in cold water (about 
I part in 200 parts of water). When the solution is lioilod 
decomposition takes pluce rapidly, a while powder of the 
oxyjlttoride, K 4 Ta 4 0,F 14 = 4KF,2TaF 5l TojO s , separating out. 
Hence the salt should be crystallised from dilute hydrofluoric 
acid. 

Sodium Tanlalojluoride, Na,TaF„H,0, is obtained in a similar 
manner to the potassium salt, or by dissolving sodium hexa- 

1 Balke and .Saiilh, J. A nor. Clun. Star., 190*. 30, 1937. 

1 July, Compt. root., 187.7, 81, 2191. 12191. 

* Mptihufl and Pis«arjt».ky, hit. ant* y. On. IMS), £0, 340. 

4 Balke, J. Amrr. Ck*m. Sac., 1906, 87.1140: Halke awl Hnitli, AH., 19U8, 
30, 1637. 

* Ruff ami Sohilbr, Ztil. aaorj. Citt 1911, 78, 329. 
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Untolute in hydrofluoric acid. On evaporation, indistinct 
crystals of Na,TaF, separate out, and tlen eight-sided rhombic 
tablet* of the above salt, which lose their water below 100°. 

Ammonium, rubidium, and casium salts of the type 2M'F,TaF, 
are also known, as well as tho corresponding zinc and copper 
salts. 1 Lithium, s«dium, and caeium double fluorides of the 
type M’F.TaF, have also been described. 8 ° Kydrogen peroxide 
converts the potassium and rubidium salts, M' 2 TaF 7 , into the 
jtfrayjluoruks, 2M'F 1 Ta0,F, ( H 1 0, which crystallise in colourless 
plates (Piccini,*Ba)ke and Smith). 

Tantalum Penlacfiloride, TaCl & , is obtained by heating an 
intimate mixture of the pentoxidc and carbon in a current of 
chlorine, end is also formed when the pentoxide is heated with 
phosphorus pcntachloride. It is best prepared by heating the 
pentoxide in a current of chlorine mixed with cither sulphur 
monochloridc or carbon tetrachloride, 1 It forms light' yellow 
needles and prisms of density 3-G8, which melt at 211° and boil 
at 212'^Lmt begin to volatilise at so low a. temperature as 144°, 
ami nmy be readily sublimed in a current of carbon dioxide or 
chlorine. The specific gravity gf the vapour, according to 
Dovillc and Troost, is 12-8, the calculated density being 12-43. 
It fumes in the air, and is converted into tantalic acid by water. 
It is reduced by aluminium in presence of aluminium chloride 
to a mixturo of lower chlorides. 4 

Tantalum I’entabromiilc, TaBr 5 , is prepared by Iieating a 
mixture ol equal parts of the jxmtoxide and carbon in a current 
of bromine vapour. It is best purified by sublimation in vacuo} 
It forms yellow, elongated tamellic, which melt at 240° to a 
ruby-red liquid and boils at 320°. The vapour reserublcsddorine 
in colour. It fumes in air and is rapidly decomposed by water. 
The bromide may be suhlinud in an atmosphere of hydrogen, 
but at high temperatures partial reduction to the metal takes 
place; also, traces of green bromotantalum bromide are produced. 
When the bromide has been exposed to traces of moisture and 
is then sublimed tn vacuo, tantalum oxybrouiide, TaOBrj, is 
left as a small residue. 

' M.ritfnse, Am. Chi'*. ISAS, [4], 0. 247; Balkc, fcr. tit 
- ■ « Balkc, J. Amn. Oku.. Hoe., HHUl, 07. 1140. 

» Hall and Smith, ibid., IMS, 17. 1869; B&lke. '14., 1810. SB. 1127; Buff 
and Schiller. Zeil. awry. Cbt 1811, 78. 329. 

* Ruff and Tharuaa, Bn., 1822, 85, [SJ, 146S. 

» van HMgmi, J. A net. CW AV.,1910,88, 728; Smith and Chapin, iWt, 
1811,881 1497. 



. HAUDK BASES 0E TANTALUM . «U 

Tantalum PentaioduU, Tal„ is prepared by distilling the 
pentabromide slowly i^veral times in a brisk current of dry 
hydrogen iodide. 1 It sublimes in nearly black lamellte, and fuses 
to a dark brown liquid which gives a vapour resembling bromine. 
The iodide closely resembles the chloride* and bromide in 
properties. 


Halide Rases of Tantalum. 

Bromotantalum Bromide, (Ta ( Br lt )Br„7IIjO, a prepared by 
heating tantalum pentabromide with four pnrta ol 3 per cent, 
sodium amalgam in vacuo, the temperature being gradually 
raised to a red heat. The mass is cooled in twciw, extracted 
with boiling dilute hydrobromic acid, filtered from the residual 
brown powder (a lower oxide of tantalum), and concentrated 
on a water-bath. ^ 

The bromide forms small dark green crystals which are soluble 
in water, forming au emerald green solution, a one per cent, 
solution of which appears opaque in n half-inch layer. It is 
stable at 100°. From boiling; and freezing-point determinations, 
it has been found that the salt dissociates in solution into three 
ions, bo that the formula shoidd be written (Ta ( Br M )Br,,711,0, 
the group Ta,Br ia behaving as a divalent radicle of considerable 
stability. In cold aqueous solution, silver nitrate precipitates 
only one-seventh of the total bromine. 

By the interaction of the bromide with the theoretical amount 
of caustic soda, a greeu, crystalline precipitate of bromotantalum 
hydroxide, (TaJJruXOHk.lOHjO, is obtained, nearly insolublo 
in water Solution of the hydroxido in hydrochloric and 
hydriodic acids leads to the formation of bromotantalum chloride, 
(Ta,Br„)Cl 2 .7H,0, and bromotantalum iodide, {Ta ( Br M )f t ,7H,0, 
respectively. The former may also be obtained from the bromido 
by evaporation with hydrochloric acid, and in cold aqueous 
solution it gives a precipitate of silver chloride, free from bromide, 
upon the addition of silver nitrate. 1 

Chloroiontalum Chloride, (Ta ( Cl„)Cl„7H t 0, is obtained by 
reducing tantalum pentachloride with sodium amalgam, as in 
the case of the bromotantalum bromide, which it resembles wr- 
appearance and properties (Chapin). This salt was first obtained, 

1 r»n Huge®, lx. eiL 

* Ctupin, J. Ana. Chan. Sot. 1810, 8t. 333. 
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in very small amount, by Chabril, who mistook it for a diehloride, 
TaClj,2HjO.' 

Tantalum and Sulphur. 

440 Tantalum bisulphide, TaS* is produced in the crystalline 
form when the pentoxide is heated to 900° in a stream of 
hydrogen sulphide And carbon disulphide. Jt begins to sublime 
at ]500° and is stable at 1300°.* 

1 Tantalum and Nitrogen. 

441 When tuntiiluni chloride is heated in ammonia gas to a 
temperature not above the point of volatilisation of the ammon¬ 
ium chloride which is formed, an amorphous, yellowish-red 
mass of varying composition is obtained. If this is powdered 
and heated to redness in a stream of ammonia it is converted 
inte a bright red, amorphous powder having the composition 
TftjNj. When' this is raised to a full white heat in an 
atmosphere of ammonia, an amorphous, black powder of 
tantalum nitride, TuN, is produced which exhibits a metallic 
lustre oil burnishing, H. lfose, who first obtained this compound, 
believed it to lie the metal.* The nitride, TiijNj, is also obtained 
when metallic tantalum is heated in nitrogen gas to a temperature 
of 1000 .° 

Tantalum and Carbon. ' 

Tantalum Carbide.— When G parts of TnjO„ 1 part of sodium 
carbonate, and 1 jmrt of charcoal are heated to a temperature 
of about MHO’, tantalum carbide, TuC, is produced in the form of 
fine needles.* *' 

Detection and Estimation op Tantalum. 

443 The detection and estimation of tantalum have already 
been discussed under cutumbium (p. 987). 

The Atomic Weight was determined by Mnrignac,® who 
analysed the potassium and ammonium tantalofluoridea and 
obtained the uuinber 183. For forty years the accepted value 

' fomft. n*t.. mo;, 144. 804. 

■ Mllli mkI Kircher, Btr., W10. 43. IM0. 

9 MtUhmani). AVsiu, owl KmlrlUiich, AnnaUn, 1007, SU. 58. 

• .Inly. Cm.pl. umi., 1876, 82. H05. 

J Am. Ckim. 1806, [41», 251. 
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for the atomic weight rested upon the analyses made by Marignao, 
which were by no means concordant; then, in 1906, by direct 
conversion of the metal into the pcntoxide Hinrichsen and 
Sahlbom 1 obtained the number 181. letter, by converting 
the pentachlorido into the oxide, Balko 5 fbund 181-52, arid 
Chapin and Smith found 181-8 by transforming the pcntabromido 
into the oxide.’ The number at present? (1922) adopted is 
181-5, but the v?ork of Sears and Balke 4 indicates that’this 
result is probably in need of revision. 


ANTIMONY (STIBIUM). Sb-no-r. At. No. 51 . 

443 This metal occurs in nature chiefly as stibnite, nntimonito, 
or antimony sulphide, Sb a S 3 , a mineral which was known in very 
early times, having been long employed, as indeed is yet the case, 
by women in the East for painting the eyebrows. In St. Jcronjc's 
translation of the Hebrew of Ezekiel xxiii. 10, we read." rircum- 
linisti stibio oculos Urns and ill the Second Hook of Kings ix. 
30, we find, “ Porro Jezebel intniitu eius audito clejMxit oculos 
sno* stibio.” Of this latter passage Chcync and Drover give as 
the translation of the Hebrew, “ sot her eyes in paint (literally 
antimony).” 

The name for this mineral in Hebrew and Arabic is “ Kohl,” 
and this word passed as “akool" or “ slkohol ” into other 
languages; thus in the Spanish translation of the Bible the above 
passage from Kzekiel is thus rendered, " Alcoholasto tus ojos." 
In the middle ages the word alcohol indicated any fine powder; 
it was only at a later period that it was employed to mean spirits 
of wine. Dioscnrides calls this metal arin/u, and mentions that 
it is also known by other terms, such as jrXari'd^ftxX^oii, the 
eye-expander, yvvatictiov, belonging to womankind, etc. Pliny, 
on the other hand, terms it stibium. The Latin fleber, who also 
was acquainted with this substance, termed it nntimonium, and up 
to the time of Lavoisier both these words were made use of to 
signify sulphide of antimony. The German name was rpiesiglas, 
afterwards changed to spiasglam. As already mentioned (Vol. I., 
p. 9), the works attributed to “ Basil Valentine,” which have 
hitherto been regarded as the earliest known records concern i^_ 
antimony and its derivatives, were shown by Sehorlcmmer to be 


1 Btr., 1908, 38. 2BOO. 
* 1911, 39. 1497. 


• J. Ana. Ckcm. Soc., 1010, 32, 1127. 

• Ibid.. 1019, 97. 833; 1017, 3g, 1982. 
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forgeries dating from about 1600. 1 There is no doubt, however, 
that the iatro-cheraista, from the time of Paracelsus, were 
acquainted with many antimomal preparations, and numerous 
references to these are scattered throughout the chemical literature 
of those times. Tile statements of 11 Basil Valentine ” may still 
serve to show the condition of knowledge concerning antimony 
in 1600. He remarks in his Triumphal Car,of Antimony: “ In 
orrlc/, as is most proper, that I may say somethifg about the name 
of the material, it should be understood that this material was 
long known to the Arabians, and from ancient time was termed 
by them asinat. The Chaldeans entitled it stibium, and in the 
Latin tongu* it has been called antimonium 1 up to the latest 
times, and in our own German mother tongue the same material 
has been foolishly culled spiessglas for this reasoD, that this 
material can be fluxed and a glass made from it." 

Dinscoridcs mentions that in order to roast the crude antimony 
it must be heated in a current of air until it burns, for if more 
strongly ignited, it melts like lead. This passage has given rue 
to tlio supposition that the author was acquainted with metallic 
antimony, and that this is probably the rase is shown by the fact 
that an old Chaldean vase analysed by Hcrthclot consisted of pure 
antimony." Antimony was confounded with bismuth by some 
chemists, such as Libavius, even so Into as the sixteenth century. 

The preparation of the metal was described by “ Basil 
Valentine,” who in his Wiederhalting drs Grossen Steins dr$ straiten 
Wrisen terms it tpiessylas rex und also plumbum anlimonii. It 
has already been stated that the alchemists considered each 
semi-metal to be a variation of a true metal 

444 Antimony occurs in many other minerals besides stibnite. 
The metal is found, though not frequently, in the native stale, and 
also as arseniferous antimony or allemontito (AsSb). Antimony 
also occurs as the trisulphide, SbgSj, combined with basic sulphides, 
and in these thioantimonites a portion of the aotimony is usually 
replaced by arsenic. Amongst such compounds are berthierite, 
Fei^SbjSji wollsbergito or antimomal copper, Ou,8,8b*J,; 

1 MSS. dopoeited in the library si I be Usivenity of Manchester. See also 
IVroc, Stit+rt, 1608, 8 . 100, whs comes to the same conclusion, chiefly Iron 
a study o[ the contents o! Basil Valentine's work*. 

- Tho story ol tbs accidental poisoning of certain monies by apicssglas having 
given rise to the name »! the metal (antimoine) is on the lac* of it improbable, 
and must, aa Kopp remarks, have bees In rented by a Frenchman, whereas 
Valentino wrote in German 1 

■ Ccsapr. wi4„ 1687,1M, MS. 





boulangerite, 5Pb8,8b 1 S s ; jamesonite 2 PbS,Sb^ 3 ; bournonite, 
2PbS,CujS,SbjS,'. py»^>Tite or red diver ore, SAg&SbA, etc. 
In addition to these we have dyscrasite or antimonial silver, AgySb, 
breithauptite or antimonial nickel, NiSb, ullmannite or nickeli- 
ferou 8 grey antimony, NiSbS; valcntinitc or antimony oxide, 
8 b t Oj; cervanite or antimony ochre, Sb,0 4 and stiblite, SbjOj.HjO. 
Antimony is also found in small quantity in iron ores, ferruginous 
waters, in the coal formation, and in river sand. 

445 Preparation of Metallic Antimony.'—The preparation of 
the metal from the sulphide is a very simple opemtion. In order 
to free the ore from quartz or other earthy admixture, the mineral 
ia either melted in verticul cylinders which have 11 hole at the 
bottom out of which the molten sulphide drops, or the pre¬ 
liminary fusion is carried on in reverberatory furnaces. The 
purified sulphide is then fused with metallic iron, or roosted to 
convert it into oxide, which is reduced with carbon or crude 
tartar. “ Basil Valentine " describes both of these methods in 


his account of the preparation of the philosopher's stone; lie state*: 
“ Antimonium is a master in medicine, and from it by fneans of 
cream of tartar and salt a King (regulus) is made, steel-iron being 
added to the spicasglas during rtision. Thus by an artifice a wonder¬ 
ful star is obtained which the learned before my time have termed 
the philosophical dlgnet star.” In the Triumphal Car of Antimony 
he gives the following receipt: “ Tukegood Hungarian spimsglas 
and witi the same quantity of crude tartar, and half as much 
saltpetre; rub these small and let them fuse well ill a wind 
furnace; afterwards pour out into a mould and allow to cool when 
a regulus is found.” 

In the English process, three operation* are used for the pro¬ 
duction of the best star-antimony. The first of these is termed 
“ singling in this 40 parts of the liquated sulphide arc mixed 
with about 18 part* of thin scrap iron and 4 part* of salt; and 
this is then melted in plumbago crucibles, when metallic antimony 
and iron sulphide are formed. The fusion last* about an hour 
and a half, and when complete the charge is poured into conical 
moulds. The crude metal is then separated from the slag, 
consisting chiefly of sulphide of iron, which floats on the surface, 
and it is again melted in the second process of “ doubling,” with¬ 
in addition of a small quantity of liquated stibnite, sodium 
sulphate or salt, and slag obtained in the following operation. 
The charge for each pot is 80 lb. of crude antimony, 7 lb. of 

1 For fo» pnrficolui. an Jnlmcmy. by C. Y. Wug (C. Griffin a Co?, 1909). 
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liquated stibnite, 2 lb. of salt-cake, and 2 lb. of slag, and the 
fusion lasts about an hour and a half. The metal is cast in moulds, 
allowed to cool, and broken into small pieces ready for the third 
process, termed “^nelting for star-metal.” For this purpose 
2 parts of pearl-ash and 5 parts of slag from a previous operation 
of tho same kind are added to 60 parts of metal, and the fusion 
is related. The molten metal Is then poured i^to square moulds 
in which it is allowed to cool slowly, the surface being at the same 
time completely covered with slag in order that it may attain the 
peculiar crystalline structure which is required in commerce. 

In the roast and reduction method for the extraction of anti¬ 
mony, two dfctinct processes arc in use; in the first, the sulphide 
ore is roasted to the Btable tetroxide, generally in reverberatory 
or muffle furnaces at a tcui|>craturc of about 350®. In the second 
process the votatilo trioxide is formed by restricting tho amount 
of air admitted, and working at a higher temperature, and is 
condensed in japes and chambers. This process has several 
advantages, for low grade ores may be treated with success, arsenic 
oxide may be separated owing to its greater volatility, and in the 
case of ores containing precious metals, these may be extracted 
from the residues. * 

Tho oxide of uutimony obtained by either process may be 
reduced to the metallic state by fusion with*coal or charcoal, 
, together with alkaline fluxes such as potash, soda, etc., iu small 
reverberatory furnaces or crucibles. « 

It lias been stated already that “ Basil Valentino" was ac¬ 
quainted with the crystalline surface exhibited by pure antimony, 
but he specially mentions that tho regulus which is not starred 
possesses exactly the same composition as that which presents 
this peculiarity. He, as well as some of liis contemporaries, 
believed that the, stellated surface was produced only when iron 
was employed in the preparation, whilst other chemists taught 
t hat the preparation of the stellated antimony was connected with 
a favourable conjunct ion of the stars. Indeed this latter opinion 
was generally held until tho time of Boyle, who, however, 
discredited both viows. 

In his essay On the Unsuercssfulness nf Experiments, Boyle 1 
—»ys: “ And it may perhaps also be from some diversity either 
in antimonies or irons, that eminent chemists have (as we have 
observed) often failed in their endeavours to make the starry 
regulus of Mars and antimony. Insomuch that divers artists 
1 0pm., cd. 1772, 1, 325. 
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fondly believe and teach (what our experience will not permit 
us to allow) that there is a certain respect to times and con¬ 
stellations requisite to the producing of this {[ confess admirable) 
body. Upon this subject I must not omit,to tell you that a 
while since an industrious acquaintance of ours was working on 
an antimony, which unawares to him, was, os we then supposed, 
of so peculiar a future, that making a regains of it alone without 
iron, the common way (for his manner of 01 K-ration I inquired 
of him), he found, to his wonder, and showed me his regal us 
adorned with a more conspicuous star than I hate seen in several 
stellate regtiluaes of both antimony and Mars." Lemcry, in his 
Court de Chymit, published in 1675, also argues stfcngly against 
the supposition that the planet Mars has anything to do with the 
formation of the stellated surface. 

Commercial antimony often contains traces of silver, gold, 
arsenic, iron, lead, copper, and frequently some sulphur. In 
order to prejnre the pure metal, 16 parts of the Commercial metal 
arc fused with 2 parts of sodium carbonate and 1 part of 
sulphide of antimony for an hour; on cooling, the tcgulus is 
separated from the slug, and melted again for an hour with 1 } 
parts of sodium carbonate, And the ojierathm again performed 
with 1 part of this salt , 1 a small quantity of nitre being added 
from time to time . 1 The whole of the arsenic is thus seporuted, 
provided that a aufHcicnt quantity of iron be originally present 
in the tnctat; should this not bn the case, it is necessary to add 
about 2 per cent, of iron sulphide.* 

Another method for preparing pure antimony is as follows , 4 
Redistilled antimony trichloride or pontuchlorido is dissolved in 
concentrated hydrochloric acid, chlorine passed into the solution 
until ft becomes greenish-yellow, and hydrogen chlorine then 
conducted into it, when chloroantimnnic acid crystallises out. 
This is purified by rccrystallisatioo, decomposed by hot water to 
antimonic acid, and the latter reduced to the metal by fusion with 
potassium cyanide. 

446 Properties.—Antimony is a lustrous silver-white metal, 
which when slowly cooled exhibits a coarsely laminated crystal¬ 
line fracture. When quickly cooled, on the other hand, the 
fracture is granular. It crystallises in obtuso rhombohet'r' 
which can scarcely be distinguished from cubes, and has a specific 

’ Liebig, Anuln , 1867, 104. 223. » Ibid., 1*3*. 19. 22. 

* Be inch, ibid., 1847, 83, 273. See alw Meyer, ibid., 1848, 66. 238. 

* Grwokuif, Zrit. anory. Chen., 1918,108, I ft4. 
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gravity of 6-71 to 6-86. Native antimony occurs in scaly masses, 
usually containing silver, iron, and arsenic. Its most important 
localities are at Sahl in Sweden, Andreasberg in the Harr, 
Przibram in Bohemia, in the Dauphiny, in Canada, the United 
States, Mexico, efiili, Sarawak, in Borneo and Queensland. 
Native antimony has a specific gravity of from 6-5 to 7. The 
metal has a normal atomic heat at ordinary Jemperaturea; at 
80° (Aba.) its atomic heat is 5'19. 1 

Antimony is hard, and so brittle that it can be powdered; it 
melts at 630'3°,* and volatilises at a bright red heat in the air, or 
in a current of a gas, but not when fused under a layer of common 
salt. It raa f be distilled in a current of hydrogen at a white 
heat. The vapour density of antimony is 10-74 at 1572°, and 
9-78 at 1010° (Meyer and Blitz), 1 numbers which are inter¬ 
mediate between those required for tho molecular formula) 
Sbj and 8b. It does not undergo any alteration on exposure to 
theTlir at tho ordinary temperature; on heating it bums to form 
the oxide, and when heated on charcoal before the blowpipe, the 
oxide is Evolved in thick, white fumes, anil a jwrtion of it is 
deposited us a white incrustation on the charcoal. If the blast 
of air be stopped tho globule of iftolten metal begins to glow, 
and is seen to be covered with a crystalline network of needles 
of oxide, and when the globule is thrown from some height on 
, to a piece of paper, the edge* of which are turned up, it break* 
into many smaller globules which burn with a very bright flame. 
Neither cold water nor dilate sulphuric acid acts upon the 
metal at the ordinary temj)erature, but at a red heat it decom¬ 
poses steam with formation of oxide. Nitric acid convert* it 
into a white powder, the composition of which depends on the 
strength of the acid, nitrogen peroxide being evolved and no 
ammonia formed.* Pure antimony does not dissolve in strong 
hydrochloric acid in tho absence of oxygen, 5 but the ordinary 
metal in easily dissolved by hot hydrochloric acid as .well as by 
cold aqua regia, and wbon heated with concentrated sulphurio 
acid is converted into untimony sulphate. Antimony combines 
directly with the elements of the chlorine group, with those of 
the sulphur group, and with phosphorus and arsenic. 

OOnther. /1 m. J**j«'*, 1930, [4J, 88, 478. 

* Hoi bora us) Dsy, itiiJ., 1900, f4} 2, SOS. See *Uo Heyooek and 
Nosiljo, 'four*. CKta. Sot., 1893, 87, 180; GraMokuR, ZtU.anorf.Chtm., 1918, 
102 . 104 . 

• Btr., 1899,22, 728. Sw. also AswJra, 1887, 2tt. 817. 

* Moatemuttni, Osu., 1892, 28, 334. 

• Ditto ud Motiaer, Comp/, ml, 1893, US, 936. 
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upon 

a tartaric acid solution of potassium antinwnato with potassium 
hyposulphite. 1 

Allotropie Modifications oj Antimony. -Stic grey, metallic 
form of antimony described above is the stable modification, 
although Cohen regards it as a mixture of several allotropie forms 
the relative proportions of which depend upon the previous history 
of the metal.' Unstable yellow and black modifications, corre¬ 
sponding with the unstable yellow and stable grey forms oi 
arsenic (Vol. I., p. 091) also exist.* The yellow’fonn is obtained 
by the action of oxygen on liquid stibinc at —90’, and by the 
action of chlorine on stibinc, both dissolved in liquid ethane at 
—100°. It is amorphous, appears to dissolve slightly in carbon 
disulphide, and passes very readily, when the temperature rises 
above — 90°, into the black variety. The latter cun also be 
prepared by the rapid cooling of antimony vapour, and by^the 
action of oxygen on liquid stibinc at — 10". It is an amorphous 
black powder, has tljc specific gravity 5-3, oxidises spontaneously 
in the air, sometimes taking fire, and passes when heated into the 
stable metallic form with evqjution of heat. 

Explosive or Electrolytic Antimony.■ - This peculiar substance, 
discovered by Gore, 1 is obtained by electrolysis of an acid solution 
of antimony trichloride having a specific gravity of 1*35, or of a 
solution obtained by dissolving the trioxide in from five to six 
times ffa weight of hydrochloric acid of specific gravity 1-12, 
metallic antimony being, in each case, used as the positive, and 
copper or platinum as the negative pole. The latter becomes 
covered with a grey, lustrous, metallic coating, having an amor¬ 
phous fracture and a specific gravity of 5'78. It contains from 
4-8 to 7-9 per cent, of antimony chloride, together with a small 
quantity of free hydrochloric acid. When scratched with a 
metallic point or touched with a red hot wire it decomposes with 
evolution of heat and liberation of the chloride, and when heated 
to 200® it flies into powder with a loud explosion. If it be pre¬ 
served under cold water it does not immediately uudergo any 
alteration, but when heated to 75° it decomposes with a hissing 
sound; hydrochloric acid is found in solution, and the water 
becomes turbid owing to tho formation of basic antimony 

1 8m (Jjtbinr end Kriutle. Kolloii hit.. 1917, tO. 194. 

* Cohen sad Ten don Bosch, hit. phgntal. Cine., IBIS, 8#. 757. 

* Stock »nd Gnttmenn, hr., 1004,17, SS4; Stock sod Siebcrf, ibid., 1905, 
IS, 8837.* 

4 m. Tran*., 1858, 118, 185; 1850, 1«, 797; 188J, lit 323; Phifer, 
Analtn, 1881, M. 61. 
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chloride. Similar products are obtained by the electrolysis 
of acid solutions of the bromide and iodide (Gore), but not of the 
fluoride: 

This rcmarbableesubstance is probably a solid solution of an 
antimony halogen compound in an allotropic form of antimony, 
and the explosion consists in the sudden transformation of the 
latter into the stable metallic form, the heat eiolved amounting 
to 20 cal. per gram; the same change gocB on slowly when the 
explosive material is preserved . 1 This form is possibly identical 
with the black amorphous form described above, but the identity 
has not been definitely proved. 

Vsfi .—Antimony is employed for the preparation of tartar 
emetic, and of othor products used in pharmacy and in many 
processes of culico printing and dyeing. Its alloys are also 
largely used in the arts. When antimony is precipitated by 
sin,e from a solution of the trichloride, the metal is obtained in 
a finely pulverulent state, as antimony black ; this is employed 
for the purpose of imparting to the surfaqp of gypsum figures 
and other objects the appearance of iron or steel. 

447 Antimony AHoijt.—' 1 Basil # Valentine” mentions that 
antimony is valuable for the preparation of medicines, and that it 
is likewise employed for other purposes, such as for the prepara¬ 
tion of printers’ type. lie adds that under certain favourable 
' conjunctions of the planets plloys are made of antimony, and from 
these seals and amulets are. cast, which are said to posses! special 
virtues. These same alloys can, according to Valentine, be cast 
in the samo way to form both bells and mirrors. 

EngHth type metal is an alloy of lead, antimony, and tin. A 
small percentage of copper is sometimes added, but is found of 
little practical vuluc. The value of antimony in these alloys is 
that if imparts to them hardness, and gives them the property 
of expanding in the uct of solidification so necessary in order to 
obtain an accurate cast of the letter. The tin gives toughness 
and coherence to the metal, The following arc analyses of 


English type metal: 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Lead . . . 

. 60 

60-0 

61-3 

96-2 

85-7 

83-5 

800 

••Antimony . 

. 26 

30-0 

18-8 

19-5 

14-3 

13-5 

15-0 

Tin . . . 

. 25 

10-0 

20-2 

91 

— 

3-0 

5-0 

Copjw . . 

. — 

— 

— 

1-7 

— 

— 

— 


1 Coh^n muL Ringer, Ztit. pkiftikat. Ckrm., 1004,47, 1 ; Cobon, CoUin*, and 
Stronger*, >iii, IMS, SO, SOI; Cobon and Stronger*, it id., I DOS, fig, 129. 
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No. I is supposed to give the best results for high class work, 
but owing to the high price of tin No. II. is generally used. 
No, V is used for stereotype plates, No. VI is linotype metal, 
and No. VII. monotype metal. • 

Britannia Mclai and Pewter ,—This silver-white metal is largely 
used for the preparation of spoons, cups, and other articles. It 
consists mainly «f tin ami antimony, but frequently contains 
other metals, as is shown by the following analyses : 



Itritacnia Metal. 

Plate 

ranter. 

Ashbury 

Met*]. 

Metal 

Argen¬ 

tum. 

Tin ... . 

85-7 

81-9 

R9'3 

77-8 

85-5 

Antimony . . 


10-2 

7-1 

19-4 

14-5 

Copper . . . 

BRili 

— 

1-8 



Zinc .... 

2-9 

1-9 

— 

2-8 


Bismuth. . . 

• 


1-8 




IVAi'fe or anti-frirtm metal ts chiefly used for lining the brasses 
of various parts of locomotive engines and for the solid bushes 
for the roupling-rodx. Several alloys are used for this purpose, 
as is seen by the following analyses : 


I. II. III. 

CopiH'r. 5-3 1-5 — 

Antimony.10-5 130 20 

Tin.81-2 45-5 20 

Lead. — 410 00 


The alloy employed for the manufacture of ship’s nails con¬ 
sists of 3 ports of tin, 2 of lead, and 1 of antimony. 

Brass articles can be covered with a fine, lustrous coating of 
antimony by dipping them into a hot solution of 1 part of tartar 
emetic, 1 of tartaric acid, and 3 of water, to which 3 or 4 parts 
of hydrochloric acid and as much powdered antimony have been 
added. 

Antimony forms a beautiful purple alloy with copper which 
has the composition Cu*Sb, and is known as Rcgulua of Venus. 
With tellurium it forms a continuous series of mixed crystals. 1 

1 Drejfua, ZaL KUttnctxm., 1022, A 100, 221. 
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COMPOUNDS OF ANTIMONY. 

AIitixony and Hydrogen. 

448 Antimony Hydride or Stibine, Sblf a .—'This substance 
was, first prepared in 1857 by Lewis Thoinpson , 1 and also 
independently by Pfaff * and other chemists. It is formed when 
nascent hydrogen is brought into contact with a soluble anti¬ 
mony compound, or when an alloy of potassium or sodium with 
antimony is decomposed by water, or an alloy of zinc and antimony 
by dilute Ifydrochlorio or sulphuric acid. It is also formed 
when antimony oxide is added to an acid solution which is evolving 
hydrogen. All theso methods, however, furnish a gas which is 
largely mixed with free hydrogen , 3 and the preparation of pure 
stibine is a matter of some difficulty. The liquefied gas was first 
ob&incd by Olszewski 4 in 188(1, and tile pure gas itself by Stock 
and Debt 6 in 1901. A gas containing as much ns 14 per cent, 
of atibinC is first prepared by gradually bringing a powdered alloy 
of 1 part of antimony and 2 parts of magnesium, prepared by heat¬ 
ing the constituents to redness in aft atmosphere of hydrogen, into 
hydrochloric acid of up. gr. 1 - 0 G at 0 °, which has been previously 
boiled. When this gas is washed through water, dried over 
, calcium chloride and phosphoric oxide, and cooled by liquid air, 
it yields a white mass of solid stibine, and this on evaporation 
gives pure stibine, free from admixed hydrogen. The gas thug 
prepared can be collected over mercury, and when dry can be 
preserved for some hours without undergoing decomposition. It 
is a colourless gas with a characteristic odour, faintly resembling 
that of sulphuretted hydrogen, and is very poisonous. It con¬ 
denses to a colourless liquid, which boils at —17°, and solidifies 
to a white muss, melting at — 88 °. The density of the gas is 
4-3G at 15° and 760 mm., this being about 2-95 per cent, greater 
than the calculated normal density. The density of the liquid 
is*2-2G at -25°. Water dissolves about 0-2 vol. of the gas, and 
in the absence of impurities the solution is stable for some time, 
whilst in the presence of mere traces of air decomposition sets in 
...rapidly. Alcohol dissolves 15 vols. of the gas, and carbon 

> PM. ilng., 1817, (3J. 10, 343. * P 099 1837,42, 339. 

• See Joom, Jonm. Ohm. Hx„ 1874, 28, i, 641. 

• Aftmbul., 1886,7, 371 ; Bv« 1901,84.3692. 

• fiff.. 1901, N. 3339; 1903,88, 3379; Stock ud Gottmauu, it id, 1904, 
17.884. 
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disulphide 260 vok, but both these solutions are very unstable. 
Stibine decomimses slowly at tho ordinary temperature into 
antimony and hydrogen, ono volume yielding 1-544 vok. of 
hydrogen. The rate of decomposition has bee [^carefully studied, 1 
and is greatly accelerated by the presence of water, of metallic 
antimony, or of hydrogen chloride. The guj is formed from its 
elements with akjprption of 84,500 cal., 1 and explodes when a 
spark is passed through it, or when it is strongly heated. Spon¬ 
taneous explosion also occurs occasionally and may extend to the 
liquid. 

Stibine is very readily decomposed by oxygen and air, with 
formation of water and metallic antimony, and is ako uttueked 
by nitric and nitrous oxides, and explodes when brought into 
contact with chlorine. It is easily inflammable, burning with a 
greyish flame, and evolving white fumes of antimony oxide. 
If passed through agismtnbe heated above 150'’ metallic antimony 
is deposited close to the heated spot in the form of a lustrous 
mirror, find if this he heated more strongly, microscopic metallic 
globules arc formed. Concentrated sulphuric acid deebmposos 
the gas, Caustic alkali solution becomes deep brown wIipii the 
gas is passed through it, and* at lost a black powder separates 
out. Thu brown solution absorbs oxygen rapidly, and csj>6ciully if 
it bo shaken with air. The powder appears to possess the com¬ 
position .Sb(OH)j. It rapidly decomposes on standing, becoming 
richer innntimony. When antimony hydride is passed through a 
solution of silver nitrate, black silver antimemide, SbAg,, 3 is first 
formed; the excess of silver nitrate present, however, causes a 
further reaction to take place, and the finnl precipitate consists 
of silver and antimony hydroxide, with a little metallic Bntimony . 4 
Sulphur decomposes the gas, becoming covered with a film of tho 
orange-red antimony sulphide (Jones): 

2SbHj +W = SbA J- 

Sulphuretted hydrogen has no action on the pure gas, but readily 
lecomposea the impure mixture with hydrogen. 

1 8tock and (iutlmano. Bn., 1004, 87, 901, 1957; Bodcnalcin, HU., 1904. 
17, 1301; Stock, Comolka, and Heyncmion, Aid., 1907, 40, 532; Stock, 
Sehcanrlia, and Voigt, Aid., 1908, 41, 1309. 

■ Bart be lot and Petit, Compt. rend., 180S, 106 , 546. 

• LMMigoe, J. C*!m. Slid., 1840,17, 443. 

* KeckleUn, Bn., 1809, 48. 1458; aeo also Vitali, L'Omi, 1892, 397. 

VOL. II. (II.) 
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Antimony and Oxygen. 

449 Considerable doubt formerly existed as to the number of 
the oxides formed by antimony. ThSnard, in 1800, mentions 
several; whilst ftoust, in 180-1, admitted the existence of only 
two. The exact number was ascertained by Berzelius in 1812 
to be as follows : • 

Antimony trioxide, Sb 4 0£ 

Antimony tetroxide, Sb 2 0 4 , 

. Antimony pentoxidc, Sb s 0 5 , 

All these arc acid-forming oxide*, the first acting also as a feebly 
basic nxidn* 

Antimony Trioxide, Sb 4 0,.—Tliia occurs as the mineral valen- 
tinito with other ores of antimony, having been produced by 
the oxidation of these. It forms pearly-white, rhombic crystals 
which arc sometimes coloured yellow nr ted by tho presence of 
iron und other metals, and have a specific gravity of 6-5G6. 
Another, though less frequent, form of antimony trioxide is 
senarmontite, which usually occurs together with other antimony 
ores, and crystallises in regular octnhedra, having a specific 
gravity of 5-2 to 5-3. From this it appears that antimony tri- 
oxido is iaodimorphona with Amcnious oxide (p. 238). Both these 
crystalline forms can be artificially prepared. Thus when the 
metal or sulphide is heated in an inclined crucible a light, white 
oxide is formed at a red heat, and this when more, strongly heated 
is deposited on the upper jxirt of the crucible in glistening needles, 
sometimes mixed with octnhedra, and known as /lores anliumii, 
or flowers of antimony. This latter form is also observed when 
the rhombic oxide is sublimed, and the octnhedra, when quickly 
heated, are converted into the rhombic crystals . 1 Both forms are 
also obtained by crystallising a hot saturated solution of the oxide 
or chloride iu sodium carbonate (Mitscberlicb). Antimony tri- 
oxido is prepared by diluting nn acid solution of the oxide with 
water, and washing the basic salts which are thrown down, first 
tfith hot water, then with sodium carbonate solution, again with 
water, and finally converting the rcsidae into oxide by ignition. 
Obtained in this way, the oxide is a palebuff-ooloured, crystalline 
powder, which cBn also be obtained, but not perfectly pure, by 
oxidising the metal with very dilute nitric acid. It is scarcely' 
soluble in water, and becomes yellow when ignited, but assumes 
the pale buff tint again on cooling. 

1 Tamil, Campl. rad., 1800, 82, 302. ' 
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At a dark red heat it melts, and the mass obtained on cooling 
is crystalline. It volatilises at 1SH0°, yielding a vapour having 
a specific gravity of 19-9, corresponding to the molecular formula 
Sb,0,.' It is insoluble in dilute sulphuric *cid and in nitric 
acid, but is easily soluble in hydrochloric and tartaric acids and 
the caustic alkalis. The solution of antimony trioxide in cream 
of tartar yields jo/osumm antimony! tartrate or tartar emetic, 
C|!I ( KSbOf. Heated in the air it absorbs oxygen, the tetroxido 4 
being formed at all temperatures between 390" ami 775“; at very 
high tem|ieratiire*, however, the latter derom [>&!(•« aud the tri¬ 
oxide is again formed. 4 The trioxide is readily reduced when it 
is heated in hydrogen. According to Bunsen, the ‘presence of 
higher oxides can be easily detected by the addition of potassium 
iodide to the hydrochloric acid solution, when iodine is set five, 
as may be readily ascertained by shaking the liquid with a few 
drops of curbon disulphide. 

The trioxide in solution is readily converted into antimomc 
acid by means of oxidising agents such as iodine, chlorine, or 
potassium dichromate, but the change cannot be completely 
effected by bromine water, nitric acid, or potassium chlorate 
aud hydrochloric acid* It reduces the salts of many of the 
metals. 5 

The mineral valentinite was probably known to the ancients. 
Pliny states that two kinds of stibium exist: “ Dun ejn » genera 
man etfemina. llorridior eat mot smbriorqne. H minim pottderomi, 
lilinustjite r wlktna el arsennsior ; fminn contra i lilet, frintuits, 
flssnrisqne, turn i/lobis, dehivxns." Perhaps, however, under tho 
feminine variety he may have understood the preparation ob¬ 
tained by roasting the sulphide, for this process is mentioned by 
Dioscorides, and Glauber also refers to it. The operation is 
more fully described by " Basil Valentine.” He says that by 
regulating the fire carefully “ from the common regulus of tho 
spiesaglas magnificently fine floret may be prepared, both yellow, 
red, and white,” Valentine certainly knew that the mineral 
which we now call valentinite is an ore of antimony, for he dis¬ 
tinguishes between the black and the golden spicssgla*. The oxide 
obtained by roasting the metal reduced by iron was formerly 

1 V. and C. Msyrr. B, r„ 1879, lg, 1282. 

1 Carncllcy and Walker, Jnr%. CStm. Her., 1887, B, 88. 

• Head, Had., 1894. 96, 314; Baubigny, Camyt. rant.. 1897, 124. <99, 
MO. 

• BoaJk, ibid., IMS, 58. HI. *1*. 

• Karri in*,' Tmt. merj. CUm., 1999,10, 2S6. 
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called niifemtm, as it was believed that iron was necessary for 
its formation, 

Antimony trioxide acts as a weak acid-forming oxide and also 
as a weak haw oxijje. The salts with strong acids are decomposed 
by water with formation of basic salts, which in contact with 
water are gradually,converted into the oxide, 

Atitimonioua Arid. —Two hydrates of antinomy trioxide have 
been described, which may be considered as the ortho- and 
pyro-atadn, although it is not certain that they are definite com¬ 
pounds, since tile amount of water contained in them varies 
gradually with the temperature at which they arc dried. The 
ortho-acid, *11^1)0,, is obtained by adding nitric acid to anti¬ 
mony! tartaric acid or tartar emetic, anil drying the precipitate 
at 100". The pyro-acid, If,Shj( ) 5 , is formed by adding copper 
sulplmte to u solution of antimony sulphide in caustic potash until 
no further orange-coloured precipitate is thrown down, but a 
white precipitate is formed. After filtration, the liquid, on 
addition of acetic acid, yields a precipitate having the above 
composition. 1 

Only sodium uud potassium salts have as yet been obtained 
iu the crystalline condition, and these appeae to be salts of the 
(unknown) mcta-acid, ILSM),. 

Sodium Aniimnniir, NaSbOj.Tlf,0, siqiamtes out from a hot 
solution of the oxide in caustic soda in glistening octahedra, which 
are s]iaringly soluble in water. ■ 

Ihjdriyrn Six! in in Antimonitr, NaSbO s ,'2IISbO„, is obtained 
from very concentrated solutions in large crystals almost insoluble 
in water, which, like those of the former compound, appear to 
belong to the monoclinic system.* 

Polwmtm Triantimonite, KjO.XSbjOj, is formed in crystals 
when the trioxide is boiled with caustic potash. 8 

Antimony Tchoiidc or Anlimouious-anlimonic Oxiilf, 8b,0 4 .— 
This oxide is a white powder formed when cither of the two 
other oxides is strongly heated in the air. When heated it 
becomes temporarily yellow, and dissolves only with difficulty 
in acids. Antimony-ash, obtained by roasting the sulphide in 
the air, is an impure tetmjide, and was formerly employed for 
the preparation of the antimony compounds. Impure tetroxide 
also occurs ns the mineral cervantite, found together with other 

> ScUftwr. 18*4,51.182. 

* remit, J»». Ckim . Pk S l„ I8S0, [4), 7, 380. 

■ Cortnimlxcuf, Cowpt. nnd., 1892,118, 1305. 
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antimony ore* in Tuscany. Antimony tetroxida forms salts with 
basic oxide* which have been termed htjpoantimonalea. 

Potassium Hypnautimonalc, K,Sb,0 6< obtained by fusing 
together the tetroxide and potash and lixiviating with cold water, 
in a white mas* soluble in hot water; addition of hydrochloric 
acid to this solution precipitates the salt K,Sb 4 0,. 

Other insnlublj hypoant intonate* can be'obtained hy double 
decomposition with the corresponding salts. Some of those 
occur as minerals. Thus romcite, L'*Sli,O s , crystallises in tetra¬ 
gonal pyramids, anil is found at St. Marcel, ill J’iedmont; and 
animiolite which occur* as a powder coloured ml hy the presence 
of cinnabar, found in lliili, is probably a C0]i]ier hypwmt imoimte, 
CuNb,!),. 

Antimony I’kntomuk asu tiik Antimonk; Ad ns. 

450 Aiiliwouii Prulosidr, SbjOj, is obtained by rapidly evajsi- 
rating the pondered metal or its lower oxide* with nitric Ibid 
and gently heating the residue. This product usually contains 
a small amount of tlie lower oxides, hut the pure oxide may be 
prepared by gently heating the precipitate produced hy adding 
dilute nitric acid to a solution of potassium util intonate, It is 
a light yellow powder, having a xjiecilic gmvity of 5-0, practically 
insoluble in water, and turning blue litmus paper red. Nitric 
acid does not dissolve it, whilst concentrated hydrochloric acid 
dissolve it only slowly, but completely; it volatilise* completely 
when heated with sal-ammoniac. It is reduced to the triuxide 
when it i* heated with hyilriodic acid, or treated with stannous 
chloride solution. Antimony pentoxidu nets ns a stronger acid- 
forming oxide than the trioxide, and at the same time as a weaker 
base, t he only stable salt* being the sulphide, fluoride, and chloride, 
of the typical formula SbR'j. 

Aiitinionic Acid .—Antimony pentoxide is said to form several 
distinct hydrates, which correspond in comjxwition to the hydrate* 
of phosphorus pentoxide, and arc known by similar names. A 
certain amount of confusion exist* in the nomenclature of these 
acids since Berzelius gave the name of antimonic acid to the 
hydrate, IlSbO,, the true incUntimonic acid, whereas the true 
pyroantimouic acid, H,Sb,0 T , was termed metantimonic acid by 
Frimy, and the same system extended to the salt*. 

The hydrated pentoxide which is formed by the action of 
cold water on the penUebloride, or by oxidising antimony tri¬ 
chloride with nitric acid, and orecinitatino hv water ia nnvJorateW 
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soluble in water. According to Delacroix, 1 this solution contains 
pyroantimanic or tetra-antimonic acid, which is converted by 
boiling into the ortho- or tri-antimonic acid, and yields salts of the 
types MjO.lShjOj and MjO,2Sb,Oj, whereas ScnderenB 1 describes 
the preparation ofmetantimonates from the same solution. 

The ntlko-aeid, l!j.SW) t , is formed when potassium antimonate 
is d(,Toni]Mwed by dilute nitric acid and the precipitate dried 
at 100'. Tlie mdauciJ, HSbOj, is formed when this is heated 
to 175". These substances are white powders which are soluble 
in aqueous ixitash, slightly soluble in water, and arc converted 
into the jwiitosiilo when heated. The meta-acid was formerly 
employed n>»u medicine under the name of mnleria perlalu. 

Tlie pyro-itcid, ]l 4 Sb,l) 7 (Krcmy’s metantimonic acid), is 
formed by the decomposition of the peutacldorido by hot water, 
Tho air-dried precipitate * possesses the formula II,Sb 2 0,,2Hj0, 
and lias the same composition as volgerite, a mineral which occurs 
in Tlie province of Constantine, in Algeria. 

The composition ami properties of all the hydrates of antimony 
pelltoxiih' which have been prewired in life solid state depend 
on the mode of preparation and the temperature at which they 
have been dried, and according tA the recent investigations of 
Jander * no really definite hydrates exist. 

Tin' Anlimnimtet. - Since the time of Berzelius, the antimonntes 
have been chiefly investigated by Fremy, s flcffter,* Bcilstein and 
Blase, 7 Knorre and Olschewskv," Ebe).° Delacroix,andSiyiderens. 
Doubt still exists as to the constitution of these compounds, 
since most of them contain water, which may be water of constitu¬ 
tion or of crystallisation. 

Pntnmiim JhtimoiMlf, KSb0 3 , is obtained by deflagrating 
1 part of metallic antimony with -1 parts of saltpetre and 
lixiviating with warm water. A white powder » thus obtained, 
which when boiled for some time with water dissolves to a con¬ 
siderable extent. On concentrating tho solution to a certain 
point-, a crystalline mass jej urates, but if the liquid be further 

1 J. rhnrm., 1S1I7. pi], 6. 337; Hull. Sex. cA-w., 1800, (3J, O, 1049; 1900, 
[aj. 24.288. 

1 Hull. Sot. rbim., 1R00, [3J, 21,47. Bat kc also Tumuls, Zeil. anorg. Chem., 
1021,112, 81. 

1 UaabrswA, /tunnt/s, 1077,126, 110. 

* Kolloii Irit., 1918. 23. 122. 

* 4»». nim. fig,.. 1844. [3J. 12, 400; 1848, [3], *3, 497. 

• Pagg. Am,., 1832. 83. 418. ’ Jwr*. Ciem. Sot., 18*0.46, 1123, 

• Btr.\ 1887,20, IMS. • Ibid., 1880,22, 30/4. 
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evaporated, a gum-like mass, 2KSb0,,nH t 0, is obtained which 
dissolves readily in warm water. When dried at 100° this Balt 
contains 3H,0, and at 185° still contains 2H 2 0. When a current 
of carbon dioxide is passed through a solution of the normal 
salt, a sparingly soluble acid salt is precipitated which has the 
formula 2K 2 0,3Sb 2 0 s ,7H 2 0 at 100°, and still contains 21f,0 at 
350°. This salt >jas probably known to the* intro-chemists, and 
was much employed by quack doctors and known as antimonimn 
diaphoreticum abiiitum. The substance obtained by deflagrating 
the sulphide with saltpetre was employed at /lie eml of (ho 
seventeenth century under the name an I i won in in dutp/ioreliciim 
non ablution, and Libavius and others treated tliis weidduo with 
acids in order to obtain their diaphoreticum, which, therefore, 
consisted chiefly of antimonic acid. 

Normal Potassium P'jroantimonnte, K,8bj0., was described 
by FrtSmy (under the name of metantimonate), but the substance 
obtained by him was probably a mixture of caustic potash 
and potassium antimonate. A sparingly soluble acid salt, 
KjIljSbjO-.'lIjO, dfn, however, be prepared by oxidising an 
alkaline solution of potassium antimonite. with potassium per¬ 
manganate and evaporating die filtrate. 1 

Sodium Ant annual e, 2XaSW) 3 .7iljO, is obtained when the 
metal or sulphide is deflagrated with I'liili nultjictrt; and the mass 
washed out with water. At 2UO® it loses two molecules of water, 
and becomes anhydrous at a red heat. 

A salt which is probably identical with this is formed as a 
voluminous white precipitate when sodium chloride is added to 
a solution of the gummy potassium antimonate. This clinngca 
on standing into the crystalline acid imlium pyroantimonate, 
It is only soluble in 350 parts of cold water, 
and ia one of the least soluble of the inorganic salts of sodium. A 
solution of potassium antimonate can therefore be used as a 
reagent for the detection of sodium. Even when a solution eon- 
tainaonly 0-1 percent, of sodium salts crystalline powder separates 
out after standing for twelve hours. Addition of alcohol facili¬ 
tates the precipitation; free alkalis, on the other hand, retard 
its formation. The Balts of lithium, ammonium, and the metals of 
the alkaline earths give precipitates with potassium metanti¬ 
monate, and hence these substances must be removed from 
solution before the above test for sodium can be applied. 

■dmmomum Antimonate, NH 4 8b0 2 , formed by dissolving the 
' * Ksonw sod OUctevsky, Btr., 1884, IS, 2303. • 
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acid in warm ammonia, separates out on cooling as a crystalline 
powder, insoluble in water, and readily gives of! ammonia. This 
is the only ammonium antimnnate known, 1 

Many other salts have been prepared by the action of alkalis 
and metallic acetates on a solution of hydrated antimonic oxide 
in water (Delacroix, Suiiderens). 

The antimonates'of metals of the other groups are either 
sparingly soluble or insoluble in water. They may be obtained 
by double decomposition as crystalline precipitates, which are 
decomposed bywcuk acids with formation of acid salts, whilst 
stronger acids, on the other hand, liberate antimonic acid. Almost 
all the nntiiiRmates dissolve in strong hydrochloric acid. 

Normal I.m/l Antimonate, Pb(SbO s ),, is a white, curdy precipi¬ 
tate, insoluble in water. The basic Milt, I’l>.,(Kb0 a )j(0H) 4 ,2H 2 0, 
isours us hleinieritr, at Nortschinsk, in Siberia, und Kndollion, 
in Cornwall, in reniform or spheroidal masses, which possess a 
resltlous apjiciirancc. and a white, grey, brown, or yellowish colour. 
Another basic salt, used in oil painting ilwk-r the name of Naples 
yellow, is obtained by heating a mixture of 1 part of tartar 
emetic, 2 juirls of lead nitrate, and 4 [Dirts of common salt 
for t wo hours to the fusing [mint of sfidium chloride, and lixiviating 
with water. 


Antimony and tub Hai.ixik.ns. 

■ 

4 St Atrtiumy Trijlmritle, SbF a , is obtained us a dense snow- 
white mass by distilling antimony with mercury fluoride. If 
a solution of the oxide in an excess of hydrofluoric acid be 
pva|K>nitcd, the fluoride is also obtained in rhombic pyramids. 
It is deliipiescent, auit is not decomposed by water; but if the 
solution bo ovnjwruted without an excess of hydrofluoric acid 
a basic fluoride is formed. Antimony trifluoridc forms crystalline 
double salts with one, two, or three molecular proportions of 
the fluorides of the alkali metals. The potassium salt is used in 
calico printing. 

Antimony Pnitujlvoriilc, SbF„ is obtained by boiling antimony 
pent&cliloride with anhydrous hydrofluoric acid in a platinum 
retort provided with a reflux condenser of platinum for three 
days and fractionally distilling the residue.* It is a thick, oolour- 

1 R«chi#. Bn., I8S5.18.2743. 

• Ru8 MXl Plato, ibid., 1901, 87, 073. Set also ibid., 1900, 38 . 1310; 1909, 
18,4031* 
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less liquid of specific gravity 2-993 at 22-7°; it boils at 150®, 
solidifying when cooled. It attach the skin, and dissolves 
paraffin, but baB no action on dry glass. Exposed to air it unites 
with water, forming a hydrate with 2H,0. f It combines with 
antimony triftuoride, with evolution of heat and contraction, 
forming a scries of additive compounds, varying in comjxjsition 
from SbF s ,2SbF^ to HbF s ,!5SbFj. The pentafiuoridc forms 
difficultly crystallisoblc double salts with the fluorides of the alkali 
metals. 1 Chlorine has no action on it, but bromine forms a viscid, 
dark brown moss, probably containing SbFJSr. Iodine also 
reacts on the pentafluuride with development of heat and the 
formation of a bluish-green liquid or of u dark browipsolid. 

Auliiiwui/ Trichloride, SbClj.- ■“ Basil Valentine ” says: " Take 
of fine white, well-sublimed corrosive sublimate, and of good 
spiessglns the same quantity. Hub these up together and distil 
them. Hie oil which comes over is at first white, ami congeal* 
like ice or clots of butter." This preparation was termed luilyrtiiii 
ttnlmonii, and was simposed to contain ijuicksilver until Glauber, 
in IG18, showed that this was not the case, inasmuch writ could 
be prepared by distilling sjiii-ssglas with oil of vitriol and common 
salt or hydrochloric acid. (ItPier methods of preparation are by 
heating sidphnte of antimony with sodium chloride, and by 
healing an excess of metallic antimony, or its sulphide, in a current 
of dry chlorine. 

Antimony trichloride is a crystalline mass, melting at 73-2’ 
and boiling at 233-D 1 (Kopp). 1 Its colourless vapour has the 
normal specific gravity of 7-8 and the salt dissolved in ether 
has the normal molecular weight-. 1 Its Jutcnt heat of fusion 
is 13-37 cal. On exposure to moist air the solid deliquesces to 
a dear liquid, und this, oil evaporation over sulphuric acid, yields 
crystals of the anhydrous chloride. A solution of the chloride 
is best obtained by ladling tlie sulphide with strong hydrochloric 
acid. When'this is distilled in a retort, water comes over first, 
next the excess of hydrochloric acid, ami lastly the anhydrous 
chloride. The concentrated solution, which has a specific gravity 
of 1-35, is known as liquid bullet of unlimony, and is employed for 
giving a brown surface to iron and steel wares, such, for instance, 
as gun-barrels (brown Bess); it is also sometimes used for 
pharmaceutical purposes. The anhydrous chloride yields with 

* Msriguse. Annaltn, 1808,146,230. 

* See also Beckmann, ZtU, anorgt Cftem., 190C, 51, W. 

* Leapieaa, Compt. rend., Ml, US. 1UW. 
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dry ammonia the brittle white compound SbCl^NH,, which, on 
heating, given off ammonia. It combines with hydrochloric acid 
to form the cryatalline compound 2SbC1 3 ,HCl,2H 2 0, and also 
forma soluble crystalline double salts with a variety of metallic’ 
chlorides. 1 

Pomler of Alganth.—If the acid solution of the chloride be 
diluted with water a white precipitate of the f basic chloride is 
thrown down. This was known to Paracelsus, who employed it 
as a medicine, and states in his Archidoxa that in order to prepare 
it, corrosive sublimate is to be distilled with antimony, and the 
product coagulated with water, when the mercuTUttvila is obtained. 
Towards the*cnd of the sixteenth century it was much employed, 
especially by the Veronese physician, Algamtus, and was termed 
by him judvii angtlicus, although it has been generally known ag 
pointer of Algarotk. The presence of tartaric or free hydrochloric 
acid prevents the pm ijtitation of this substance. Its composition 
vanes according to the method of its preparation. If ten parts of 
solid trichloride are mixed with seventeen parts of water, and 
allowed fo stand until the precipitate hus become crystalline, the 
compound SbOCl is deposited in small rhomhbhedm. These 
may be washed with ether in orddV to remove the excess of the 
chloride. The same compound is obtained by heating equal 
|»rt« of the trichloride and absolute alcohol in sealed tubes to 
HO". If one |«irt of the trichloride be mixed with three parts 
of water, and the precipitate filtered off quickly and mixed with 
ether, t he same body is obtained as an amorplious jiowdcr. When 
this substance is heated the trichloride is given off, aud the 
oxychloride, Sh/tjCl,, remains behind. The last named com¬ 
pound is formed as an amorphous precipitate when the chloride 
is mixed with from five to fifty parts of water; on standing, it 
gradually forms silky prisms. If three times its bulk of hot water 
lie added to the trichloride, and the liquid allowed to stand at 
60" for some hours, crystals arc obtained resembling soda crystals, 
which also possess tho composition Sb t O s Clj* With larger 
quantities of water still more basio chlorides are formed, which 
if boiled repeatedly with water, are converted into the trioxide, 
this reaction taking place more quickly in the presence of sodium 
oarbonate. If antimony oxide be dissolved in boiling antimony 
trichloride, a pearl-grey, crystalline mass is obtained having the 
composition SbOCl,7SbCl 3 , and this yields the substance 
2Sb0Cl,Sb,0 3 on treatment with absolute alcohol. 

» Sc# Ephraim, Bn., 1903, 38, 181S. * S.Uo»jew, ItU, Cktm. 1871,20*. 
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Antimony PentacUoride, SbCl„ was discovered by H. Rose 
in 1835, and is prepared by the direct union of antimony and 
chlorine, which takes place with evolution of light and heat. 
It ia also readily formed by saturating the fused trichloride with 
chlorine gas, Antimony pentachluride is a yellow, fuming, 
disagreeably-smelling liquid, which solidifies in a freeling mixture, 
forming crystals melting at 3°.' ft is readily volatile, partially 
decomposing on distillation into chlorine and trichloride, hut 
under a pressure of 22 mm. it boils without decomposition at 
79°, whilst tinder the same conditions the trichloride boils ut 
H3'D°. a The vapour density 5 under a pressure of 58 turn, 
at 218° is 10, the calculated number being Hhl. When brought 
in contact with the requisite quantity of ice-cold water it forma 
the monohydrate, 4 SbO ( ,li 9 0, crystallising from chloroform 
in thin, deliquescent scales melting at 90". If more water be 
added 5 a clear liquid is obtained, and this, on standing over 
sulphuric acid, deposits crystals of 8W1 5 ,1H,0, which ffre 
insoluble in chloroform (Anschutz and Evans). Ilot water 
produces antimonic acid. As it easily loses chlorine, antimony 
pcritachluridc is employed in organic chemistry as a chlorine 
carrier in the chlorination of‘many bodies. With hydrocyanic 
acid it forms tlw white, crystalline compound Su('l 5 ,3IR'N 
which volatilises under HXT with partial decomposition. It 
also forms solid compounds with various chlorides, oxides, etc., 
auch as*Sbt'l 5 ,SCl 4 ; SbCIJt'l,; SbU 5 ,lKX1 3 ; 2SbCl s ,5NOC!l; 
SbG1„NO; 3,SbCl s .2NO t ; StiCl-.N,^. I5y the interaction of 
antimony pcntachloridc and iodine tho addition compounds 
8bU! s ,2ICI and SbCI 6 .31Cl have been obtained as bluish-black 
crystals melting at 62 63". ‘ 

Antimony pcntachloridc forms a very large number of double 
salts, many of which arc derived from the complex mrtaehtoro- 
antimonk acid, HSbtl,, which is obtained in greenish-yellow 
prisma containing 4JH a O by the action of chlorine and hydrogen 
chloride on a solution of antimony trichloride.’ 

Antimony Tetrachloride, SbCI,, is probably present in the dark 
brown solution formed by the action of chlorine on an excess of 

1 Mules, Asst. fit. tfrlm., 1914. U. 314. 

* Anschati sad Erins, Btr., 1888, U. 1994; Jnrn. Chem. Aar., 1888, 48, 
70*. 

* Aiuchots sad Erias. Amafca. 1889. 881. 9*. • /W.. ISS7. «9. 239. 

* Webor, .twin, 1803,186. 80. 4 Bo*. Btr., 1018, «. 2088. 

’ IVtinlud sad Schmid, Itit. sswy. Cicm., 1904, M. 37. Seo slio Btr., 
1901, H 80(3; 1993,38, 244. * 
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antimony trichloride. A number of salt* have been prepared of 
the type JP/SbC]* which appear to be derived from the tetra¬ 
chloride and are characterised by their dark colour. They are 
isomorphoiis with the corresponding salts of the tetrachlorides 
of lead, tin, and platinum . 1 The rubidium salt, RbjSbClj, is 
obtained by adding rubidium chloride to a mixture of equal 
molecular proportions of the tri- and penta-chlyrides of antimony 
in presence of hydrochloric acid. It crystallises in lustrous, dark 
violet, microscopic octahcdra, and is decomposed by water. 
Analogous bromine compounds appear also to exist. 

Anlmimtj Trtbroinule, Sbllr,.- Powdered antimony combines 
directly with bromine with evolution of light and heat. The 
tribromidn sublimes in colourless, deliquescent needles, which 
melt at 06" and boil at 275°; water decomposes it with forma¬ 
tion of a luisic bromide. Another method of preparation con¬ 
sists in hinting an excess of powdered antimony with a solution 
oflwominc in carbon disulphide; the tribromide thus obtained 
oil evaporation crystallise* in octahcdra. 

The jknltibroHiidr. is obtained in combination with ether when 
the natal is covered with ether and treated with excess of 
bromine. The compound forms ftrey crystals and is very un¬ 
stable .' 1 

Aiitiiiuwfi Tri-iodide, Sbl s . Antimony and iodine combine 
directly with evolution of so much heat that if large quantities 
are employed explosions may ensue. The tri-iodide is a Vrow'uish- 
red mass, which crystallises in red, six-sided tablets from solution 
in carbon disulphide. It melts at 171“ to a garnet-red liquid 
and forms a violet-red vapour, which at a higher temperature 
becomes scarlet. It sublimes at a temperature slightly above its 
melting pnint, boils between 411" and 427 ’, and is decomposed 
by water, with formation of o yellow oxy-iodide, which forma 
crystalline double salts with the various iodides. 

Both the bromide aud iodide form numerous double salts. 

Antimony anu tub Sulphur Group. 

452 Antimony Trisidphide, SbjSj, occurs crystallised as stibnite 
in the older stratified rocks. This is the most important ore 
of antimony, aud it is found in considerable quantity, occurring 
in Cornwall, Hungary, Transylvania, in the Banat, in the Harz, 

1 Sotterbnjt, O/w. K. I'c/tiul. nhtif. Fir., 18H2, 23; Weiidand aud Fcige, 
1003, M, 250; Woinknd aud Schmid, ibid., 1005,88, 1080. 

■ Ru^ttaud, Bull. Soc. dim., 1020,87, 411. 1 
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in Westphalia, in the Black Forest, in Bohemia, in the Auvergne, 
in Estramadura, Algiers, Corsica, Siberia, Nevada, New Bruns¬ 
wick, in Japan, where it is found in magnificently largo and 
perfect crystals, and in Borneo in large quantities. It crystallises 
in prisms, but is usually found in columnar or striated musses, 
which soil the fingers like graphite. It is.easily pulverisaWc, 
and readily fusiUe, and has a specific gravity of i-Cl . The 
crude sulphide occurring in commerce is obtained by melting 
the ore in the manner already described, and is sold in rounded 
mosses having the form of the vessel in which t lie Violten sulpliidu 
solidifies. It has a metallic lust re, steel-grey streak, nod crystalline 
fracture. From early times this substance has beeiT used in the 
East under the name of Kohl. The alchemists occupied them¬ 
selves much with the properties of this body, us it was used for 
the purification of gold, and was termed jiiJrj ullimut or Input 
mdullorim. Antimony trisulphide also exists in the amorphous 
state, and in this form was known to " Basil Valentine.” Tie 
states that crude spjpmghu may be sublimed with formation of 
a red body when it is mixed with ml awnwniucum. ’ In this 
way antimony chloride and ammonium sulphide arc formed, 
which again react on cooling, producing the original compounds, 
the antimony sulphide separating out ns a red powder, liluuber, 
and also Lemciy, speak of tlio solution and the subsequent 
precipitation of the spiessglus with caustic alkalis; but it was 
not until 1711 that attention was directed to the ml sulphide 
of antimony. In this year a Carthusian monk whose life hod been 
despaired of by the l’aris faculty was saved by a monk of the 
name of Simon administering to him a medicine which was first 
prepared by a German apothecary, a disciple of Glauber, and 
which was bought by the Parisian apothecary de la Ligfrc. This 
was soon known as the “ poudre Ues chartreux," or Carthusian 
powder. Simon, however, gave to it the name of Alkenna 
mineral, and such was the reputation which this medicine enjoyed 
that the French Government bought the receipt for its preparation 
in 1720 from tie la Ligfrie. The process consisted in boiling 
the spiessglaa with potashes and allowing the clear solution to 
cool, when the kermes was deposited as u red powder. In 1728 
Stabel found that when caustic potash was employed, a red 
powder was also obtained, which blender in 1738 showed to be 
pure kermes, and C. J. Geoffrey in 1735 proved that the same 
preparation was obtained when spiessglas was fused with car¬ 
bonates Vf the alkali metals, and the liver of antimolly thus 
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obtained boiled with water. This body was believed to be a 
compound of antimony, sulphur, and alkali, though chemists 
such os Itaume denied that it contained any alkali, and assumed 
that in spiessglas ngulus of antimony was combined with sulphur, 
whilst in mineral kermes calx of antimony was combined with 
sulphur. Many othijr views were held concerning the composition 
of this compound until Koso in 1825, and Fuclis in 1833, showed 
that mineral kermes is merely amorphous antimony sulphide. 

Various methods may be adopted for the preparation of 
mineral kermesf which for fifty years was highly prized as a 
medicine, and even now is sometimes employed. All these 
processes yifld a preparation containing, as impurity, varying 
quantities of antimony oxide, both free and combined with the 
alkalis, and moreover on wqiosMrc to air oxidation occurs with 
formation of the oxide and free sulphur. 1 Jfcnco the prepara¬ 
tion of the kermcB should be carried on exactly according to the 
prescription of the phanuucopreiu. 

In order to prepare the amorphous sulphide free from oxide, 
the crystalline compound is boiled with caustic potash in absence 
of air, the liquid filtered, and the hot diluted solution precipi¬ 
tated with sulphuric acid. The precipitate is then washed with 
very dilute acid, and afterwards with cold water; and to remove 
any oxide which may he present it is heated with a solution of 
* tartaric aid. Thus obtained, the precipitate becomes anhydrous 
when dried at 100° and forms a reddish-hrown, light*powder 
which reodily soils the fingers. This is more soluble in hydro¬ 
chloric acid, in the fixed alkalis and their carbonates thau the 
crystalline compound into which it is converted on fusion.' It 
may also be obtained by pouring fused slibnito into an excess 
of cold water. It then forms an amorphous, lead-grey mass 
which appears of a hyacinth-red colour when seen in thin films, 
has a specific gravity of 4-15, and when triturated is converted 
into a dark reddish-brown powder. 

If sulphuretted hydrogen is passed into an acid solution of 
the trichloride or into an acidified solution of tartar emetic, an 
orange-red precipitate of amorphous hydrated sulphide is 
obtainod, whioh after drying at 100—130° becomes black at 
200°. The precipitated sulphide also becomes black when it is 
boiled with 2 parts of hydrochloric acid and 1 part of water in a 
current of carbon dioxide.* 

' PoIUmI. Boll dim. farm „ 1006. 48, 401. 

* Mttoiiell, Chrm. A'ctrs, 1603, 87 , 201. Seo also do Baobo, llaa. cAiav 
appUrata, 1010,12,143; Wilson and MoCroak j.J. Amtr. Out i. 8 m, 1021, U, 
211 *. 
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When the sulphide is heated at 850° in nitrogen, and the 
vapours are rapidly condensed, black needles are formed accom¬ 
panied by lilac-coloured globules which appear to constitute a 
polymorphic variety of the sulphide. 1 This fyrin has the specific 
gravity 4-278 at 0°, and passes at 220° into the black, crystalline 
form, of specific gravity 4-652 and melting 3 at 540\ 

When a dilute ylution of tartAr emetic is added to auIphuQittcd 
hydrogen water a colloidal solution of antimony sulphide is 
produced, which is orange-red by transmitted fight, and can be 
boiled without undergoing change. Calcium chloride and many 
other electrolytes cause an immediate precipitation of the 
sulphide.* On heating in a current of hydrogen thb trisulphide 
is reduced to metal, but it may be sublimed without decom¬ 
position in an atmosphere of nitrogen. The equilibrium between 
the sulphide and hydrogen at various temperatures ho* been 
examined by Pilabon.* Crystalline antimony sulphide is used 
for the preparation of other antimony compounds, in pyroteehny, 
in the heads of lucifcr matches, and in the composition used for 
firing brcechloading firearms. The amorphous sulfibide is 
largely used for vulcanising caoutchouc, to which it imparts a 
reddish-brown colour. 

The compound known as antimony cinnabar, which is obtained 
by warming a solution of the trichloride with sodium thiosulphate, 
is the trisulphide. This substance is used in oil painting as well 
ns in water-colour painting and as a distent]**. 

The Thioantimonites or I Avers of Antimony are formed by the 
combination of the triaulphido with metallic sulphides. 5 Those 
of the alkali metals are prepared by fusing tho constituents 
together. They arc brown or black, and when they contain a 
largo quantity of metallic sulphide they arc easily soluble in 
water, but when tho quantity of antimony increases, these liver* 
of antimouy become more sparingly soluble, and at last insoluble 
in water. They are also formed when the trisulphide is dissolved 
in a solution of a sulphide, or, mixed with antimonitc, when the 
trisulphide is fused with an alkali or alkali carbonate or treated 
with the solution of an alkali: 

USbjS, + 4K0H = 3KSLS, + KSbO, + 2H,0. 

• OutneKant snd Chrftiwi, Compt. rtnJ., 1804,138. I28B; 138. 01. 

• 8w «ko Klutai, »«., 1904,138, 277; M<l Z»ni. Bo H. Aunt. roy. Brig., 
1909, 1IS0. 

• Pfclon, Joon. Ckem. Sac.. 1898. 81. 142; Kill »nd Ctllx't, Hackr. K. 
Ou. V/iu. (tilingtn. 1000. 141. 

• Compt.r^i., 1900,130,911. 

• 8m Pch^S, ijvd-, 1897, 1M 1448, 1518. 
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Acids precipitate the amorphous trisulphide from these solutions, 
which also absorb oxygen rapidly from the air. Many of the 
thiountirnonites occur as minerals, and the composition of some 
of these has been already given. 1 The alkali salts ! belong to 
the types MSbS„ M^SUS,, M,Sb t S 7 , and M,Sb 2 S 5 . 

Antimony Tetrasulpliide, Sb,S 4 , and Pentasulphide, Sb,S 6 , do 
not occur in the native state, “ Basil Valentipe ” mentions that 
when spicxsglus is bailed with strong caustic ley, and acetic acid 
added to the liquor, a reel body is precipitated, and Quercctanus 
in IfiOU mentions in his pharmacopeia a preparation from 
spicssglas and liver of sulphur by means of acids, terming it 
sulphur antliiumii aiiralum. In 1051 Glauber mentions in the 
“ phariiiacnpceiu spngyrica ” the prcjwration obtained by 
precipitating the slag formed in the preparation of reguliw of 
antimony by mcaus of acetic acid, and recommends this pro¬ 
duct as jianarm aiitimoninlis or sulphur purgatis universale. 
This preparation, .which, as golden sulphuret of antimony, soon 
became a favourite medicine, was obtained from the more or 
less oxidised solution of liver of antimony, containing a thio- 
nnlimonnte. When fractionally precipitated by hydrochloric 
acid u brown kcrnies is first thrown down and afterwards a 
golden-coloured sulphide, termed sul/Jiur nuralum lertite / traripi• 
lulitmis. Later, stibnite was boiled with alkali ami sulphur and 
the solution precipitated with acid. At the present day pure 
sodium thiountimonate is first prejuvred; this is dissolved in 
from 10 to <10 parts of water and a cold mixture of H-3 parts of 
sulphuric acid an<l 100 parts of water is gradually added; tho 
precipitate is well washed with distilled water and dried at a 
moderate temperature in the dark. 

The sulphur auratum thus prepared has generally been regarded 
as antimony pentasulphide mixed with trisulpliide aud free 
sulphur. According to F. KirchhoS, 3 however, it contains the 
tetrasulpliide, Sb,8 4 , and no pentasulphide. The tetrasulpliide 
may be obtained in the pure state by decomposing sine thio- 
antimouate with dilute acids, and extracting freo sulphur from 
the precipitate by means of carbon disulphide or acetone. The 
tine salt is readily obtained from Schlippe's salt by double 
decomposition with tine chloride, when it forms a chromc-ycllow 

1 See »l»o SunimetW. hit, unary. ttcu., 1807, 15, 173; Pou£>t, Comft, 
rtHd., 1807. m ISIS; 1003. 135 . UW. 

■ See Poutcf.Compt. rr«f„ 1807, 12A 1445; 1808,120, 1144, 1702; Stantk, 
hit. tmory. Cktm., 1898,17, 117. 

» hit. unary. Ch rut., 1020, US, 07; U1 306. * 



ANTIMONY AND THE SULPHUR GROUP IMS 


precipitate which becomes bright orange-red when dried and 
powdered, and contains about 6-7 per cent, of free sulphur. 

The pure peatasulphide is precipitated when an excess of 
sulphuretted hydrogen water is added to a solution containing 
the antimony in the form of antimunic acid at the ordinary 
temperature (Bunsen).* When sulphuretted hydrogen is passed 
into the antimony solution a mixture of pentamdphide,. tri- 
sulphide, and sulphur is formed, the proportion of the penta- 
etilpbide diminishing as the rate at which the gas is passed is 
lessened and as the temperature is raised. Hydrochloric acid up 
to about 20 per cent, favours the production of the pcntasulphide, 
but in larger amount hinders it.* • 

Antimony pcntasulphide is a Cue yellowish-red powder easily 
soluble in aqueous alkalis and their sulphides, and also, in 
absence of air, in warm ammonia. It likewise dissolves in the 
carbonates of the alkali metals, but not in ammonium carbonate. 
When exposed to sunlight, heated in water to 98°, or simjfly 
heated in absence of oir, it decomposes into the black trisulphide 
and sulphur, and is decomposed by hot hydrochloric acid. 

Sodium ThioaMimonate, NajSbS 4 ,!H!,0.—This is termed, 
from the discoverer, SMippe's'salt, and is obtained by dissolving 
the trisulphidc, sulphur, aud caustic sodu or a mixture of soda- 
nah and lime, in the requisite quantity of water; or by fusing 
together Hi parts of anhydrous sodium sulphate, 13 parts of 
stibnite, *nd 6 parts of carbon, dissolving, and boiling the solu¬ 
tion with 2-6 parts of sulphur. It crystallises in large, colourless 
or yellow, regular totrahedra which have an alkaline reaction 
and a saline, cooling, metallic taste resembling that of liver 
of sulphur. It dissolves at 15° in 2’9 parts of water and is 
precipitated from aqueous solution by alcohol. The hydrated 
crystals on exposure to moist air soon become covered with a 
kermes-coloured coating, and when they are heated in absence 
of air water is given off and the anhydrous salt formed, which 
fuses at a dark red beat. 

PoUusium ThioanlimonaU, K,8bS 4l 9lI,0, is preparod in a 
similar way to the sodium salt and forms deliquescent crystals. 

Ammonium Thioantimnate, (NHJjSbS,, formed when the 
trisulphide and sulphur are dissolved in red ammonium sulphide, 
crystallises in unstable pale yellow prisms.* 

1 Aymaltn, 1878, 1st 308. 

■ Bowk, Joan. CAtm. Sac., 1895, 87, 815 j Bnuusr, ibid., 827. Boo slso 
KteuW, J. ft. Chen., 1880. [2], 90, ISO, 383. 

• 8l»n«k, 2ef. acjrj. Chen., 1898, 17, 117. 

VOL. D. (n.) 
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Barium Thioanlimonaie, Ba^Sb8,),,6H,0, is prepared by 
dissolving the freshly precipitated golden sulphide of antimony 
in barium monosulphide and precipitating by alcohol. In this 
way stellate groujs of needles are obtained. 

The calcium Balt is prepared in a similar way and is thrown 
down as an oily liquid on addition of alcohol. The thioanti- 
mon^tes of the alkali in ctals have been ex&minjd by Donk. 1 The 
tbioantimonates of the other metals are yellow, red, brown, or 
black precipitates, almost entirely insoluble in water and are 
obtained by double decomposition. 

Antimony Oxytulflade, Sb,S,0, is found, together with stibnite, 
as kcriuesitj or antimony blende in needle-shaped crystals or 
thin, six-sided prisms which have a cherry-red colour and an 
almost metallic lustre. It is obtained as a reddish-brown powder 
by adding antimony trisulphide to fused antimony iodide, and 
treating the mass with dilute hydrochloric acid, when a dark 
reddish-brown, lustrous powder of antimony thio-iodide, SbSI, 
remains behind. When boiled with water and oxido of zinc, 
this is converted into the oxyaulphide. * 

Glass of Antimony or Vtirum Antimonii is obtained by fusing 
oxidised stibnite with a smaE Quantity of the sulphide. It 
foniiB a transparent, dark ruby-red mass, formerly largely em¬ 
ployed for obtaining the other antimony compounds, but now 
used only for imparting a yollow tint to glaBs and porcelain. 

Anlinwnial Saffron or Crocus Antimonii—U stibnife is de¬ 
flagrated with a quantity of saltpetre insufficient for complete 
oxidation a brownish-yellow powder is obtained on tixiviation 
which when heated melts to a yellow glass. 

CUorosulphides of Antimony. —Two compounds of this class, 
SbS,Cl and Sb,SjCl, have been obtained as reddish-brown, 
crystalline substances by tbo action of sulphuretted hydrogen 
on antimony trichloride at its melting point.* The compound 
8bSCI,7SbCl, is obtained by heating the trichloride and tri¬ 
sulphide together. Alcohol converts it into 2SbSC),3Sb^ 1 . 

lodosvlpliides of Antimony. —Compounds of the formula! 8b8,I 
and SbS,I, are formed when antimony trisulphide is heated with 
iodine (Ouvratd). 

Antimony Trisnlphate, Sb^SOj),, is obtained as a white 
mass by heating either the metal or the oxide with concentrated 
sulphuric acid. The composition of the salt depends on the 
concentration of the acid used, acid or basic salts being obtained 

* 1 Cl"*. IKrettW, I BOS, fi, SSS, MB. 

• Oovrmid, Cemft. rod* 1883, 1U, ISIS; 117, 107. 
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when the acid employed is stronger or weaker than that repre¬ 
sented by the formula HjSO ,. 1 The normal salt crystallises 
from a tolerably acid concentrated solution in long, glistening, 
silky needles , 1 and is decomposed by water into a soluble acid 
salt, and an insoluble basic salt. If antimonyVliloride be heated 
with fuming sulphuric acid a basic salt, Sb,0(S0 4 ) t , is produced 
in small, glistening crystals, which in contact with alcohol are 
transformed into the salt Sb,0^S0 4 , consisting of a white powder, 
which, when treated with boiling water, yields the salt Sb l D i SO ( . 
Several other salts have also been described. 

Antimony sulphate yields double salts with the alkali sulphates, 
such as KSblSOj),, which crystallises in nacreous leaflets. These 
arc decomposed by water, yielding antimonious hydroxide.* 

Antimony Thiosulphate.—A. number of complex antimony 
thiosulphates have been prepared' by SxilAgyi.* 

453 Antimony Trisdenide, 8 b 2 Se 3 , is formed when the two 
dements are fused together, a metallic, lead-grey, crystalline 
mass being produced* which melts at 672’. When selenium 
hydride is passed iftto a solution of tartar emetic the same 
compound is precipitated os a black powder. 

Antimony PetUasdenide, ShjKe s , is precipitated m a brown 
powder by adding dilute sulphuric acid to a solution of sodium 
seleno-antimonatc. 

Sodium Sdeno-antintonate, NaJ5b8e 4 ,91I f O, is isomorphous 
with thg corresponding thio-antimonate, and is obtained by 
fusing together sodium carbonate, antimony trisdenide, selenium, 
and charcoal. The fused mass is boiled out with water in absence 
of air and the filtrate covered with a layer of strong alcohol. 
The salt separates out after some time in orange-red, transparent 
tetrahedre which are Boluble in two parts of cold water and 
become red in air, with separation of selenium. When a solu¬ 
tion of Schlippe's salt is boiled with selenium, filtered, and 
the solution concentrated in absence of air yellow tetrahedra of 
NajSbSeSj^HjO are deposited. 

Antimony and tellurium * when fused together yield only one 
definite compound, antimony triteUvride, Sb,Te,. 

1 Adif, Cbm. ft m, 1890, 81, 58. 

• Schulti Sellsck, Bee., 1871,113. 

* Ontmsnn, Art*. Mam., 1888, 238, 477; Hetil. M. aiwj. Cbm., 1906. 
18,140; German Patent 161778. 8co alio Kohl, kit. onort- Cbm.. 1907, 54, 
356; Gotmion, Ardt. Piarm.. 1908, MS. 187. 

* Zdt. awj. Cbm.. 1930. IIS. 69. 

■ 8m M/Iwo. Ctmpt. nod.. 1906, 112, 107; CfcretioD, Aid., 133J, 1412; 
Olkaihlge and Fajita. Mem. CoS. Set. Kyoto, 1917,8, 233. 

• Sea Pay and dihkj, Ama. Cbm. J„ 1902, 87, 95. 
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Anthony and the Nitrogen Group. 

454 No definite nitrate of antimony is known, although the 
white powder obtained by the action of nitric acid on antimony 
contains nitrogen* and is converted by water into antimony 
pentoxide and nitric acid. 

If phosphorus be added to fused antimony a tin-white phosphide 
of antimony is obtained which when heated in'che air burns with 
a greyish flame. 

Antimony Thiopkosphale, SbPS 4 or SbjSj.PjSj, is formed when 
the trichloride or trisulphide is heated with phosphorus penta- 
sulphide. It is a fusible, insoluble, yellow, crystalline mass . 1 

Antimony combines directly with arsenic. The compound 
SbAs, occurs as aikmontite in reniform or amorphous is:asses 
having a metallic lustre. 

m Medicinal Uses op Antimony. 

455 As wu have seen, various antimony preparations are 
usod a*.important medicines. Paracelsus’was one of the first 
to employ those for internal use, aud his example was followed 
by the other iatro-chciuists, many of whom worked diligently 
on antimony and its compounds. The disciples of the old 
Galenic school were violently opposed to tho introduction of the 
antimony compounds into medicine, and they succeeded in 
inducing the Paris Parliament in 1506 to prohibit tig: uso of 
antimony and its compounds by all physicians on pain of having 
their licences withdrawn. In 1603 tho medical faculty of Paris 
took a similar step, and this decree was not withdrawn until the 
year 1666. 

Metallic antimony itself was at one time employed for the 
prei>uratiou of goblets in which wine was allowed to stand 
overnight in order that it might he used as an emetic; but this 
practice fell into disuse even during Boyle's time. Pills made 
of metallic antimony were employed at a later period; these 
wore termed everlasting pills, becauso they, like the goblets, 
were believed only to act by contact and not to lose their weight. 
This error was first combated by Lemery and Vigani, a Veronese 
quack dootor who lived in England, and they showed that both 
antimony and fused stibnite became acted upon when placed in 
contact with wine. 

Whilst formerly a large number of antimony compounds were 
, > Gktsd, Btr., 1891. M. 38811. 
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employed in medicine,' the only ones which are used at the 
present day are tartar emetic or potassium antimony! tartrate, 
C 4 H 4 K(SbO)O a , and the trisulphide or aHlimonium sulphumlum. 
The first compound is given in doses of OOQ27 to 0-008 gram 
as a diaphoretic, aud from 0-0(55 to 0-13 gram as an emetic. 
The dose of the second is from 0-065 to 0-13 gram. 

In larger doseent produces, like white arsenic, violent irrita¬ 
tion in the intestines, vomiting and purging. When one large 
dose only is administered the case proceeds rapidly to recovery 
or death, generally the former, if the case )>e placed early under 
proper treatment, and in this respect acute onthnoninl is dis¬ 
tinguished from acute arsenical poisoning. 

In cases of chronic antimony poisoning the principal symptoms 
arc dryness of the throat, pain on swallowing, nausea and vomit¬ 
ing, diarrhera, loss of flesh, giddiness, fainting, and albuminuria. 
Death takes place from exhaustion and wasting. Several cojea 
have occurred in this rountry to show that tartar emetic has been 
thus criminally and finally used (Taylor). 

Detrition and Estimation of Antimony. 

• 

456 When a small quantity of an antimony compound is 
heated in the up]>cr reduction nine of o Hituscn burner 011 a 
thtcad of asbestos the flame becomes of a bluish tinge, and 
when 8 small porcelain basiu tilled with cold water is held 
above it*a browuiah-black de|»wit of metallic antimony is found 
upon the basin, and this is but slightly attacked by cold nitric 
acid, and is insoluble in sodium hypochlorite. Arsenic gives 
o very similar reaction, but this may be distinguished from 
antimony by the fart that during the reduction a garlic-like 
smell of arsenic is noticed, and that the metallic film is readily 
soluble in sodium hypochlorite. If an antimony compound 
is heated on a carbonised match a brittle metallic bead is obtained, 
whilst arsenic is completely volatilised. Most of the antimony 
compounds are insoluble in water but dissolve in hydrochloric 
acid. Those which do not thus dissolve may he obtained in 
solution by fusion with potassium carbonate and saltpetre, 
and subsequent solution in hydrochloric acid. Sulphuretted 
hydrogen produces in acid solutions a very characteristic orange- 
red coloured precipitate of antimony trisulpbide. If other metals 
precipitable by sulphuretted hydrogen arc present, the mixed 
sulphides, after washing, are treated with ammonium sulphide, 
filtered, and the filtrate acidified with hydrochloric acid. This 
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precipitate may contain, together with antimony, the sulphide* 
of tin and arsenic. This last metal is removed by digesting with 
freshly prepared eolation of ammonium carbonate, and washing 
the residue with water. This is then brought into solution by 
heating with hydrochloric acid, and the liquid is placed in a 
platinum dish containing a piece of zinc; the antimony is 
deposited upon the platinum as a black, adheKmt coating, which 
is readily soluble in nitric acid and can then be identified as 
antimony. A more satisfactory method consists in dissolving 
the mixed sulphides in caustic soda and a few drops of yellow 
ammonium sulphide and then boiling with sodium peroxide, 
which converts the metals into stannate, autimonate, and 
arsenate respectively. Tin is then detected by boiling with 
ammonium chloride, which precipitates stannic hydroxide, and 
arsenic and antimony are detected in the acidified filtrate by 
Bunsen’s method described below. 1 A rapid method of detection 
is to boil the sulphides with a fi per cent, solution of sodium 
carbonate, which leaves tin sulphide undi^olved; the solution 
deposits’antimony sulphide on cooling, whilst arsenic sulphide 
remains dissolved and can be detected as usual. 1 

Antimony may also be detected by means of Marsh’s test 
carried out as described under arsenic (Vol. f., p. 717). The mirror 
obtained is deposited much closer to the flame than that of 
arsenic, is formed at a lower temperature, does not yield a 
crystalline deposit of oxide when heated in the air, aid is not 
soluble in sodium hypochlorite. When the gas is passed into 
silver nitrate solution, silver antiinonkte is precipitated (p. 1007). 

Antimony trichloride gives a spark spectrum containing, 
among others, tho following lines, mentioned in order of their 
relative brightness (Lecoq de Boisbaudran): a 6005, £5568, 
•y 6130,« 6079. 

Antimony is \tsuslly estimated gravimetrically either as 
the sulphido or tho tetroxide. In the first case it is obtained 
as a hydrated precipitate, which may also contain sulphur 
and pentasulphide. It is necessary therefore, to dry this 
at 100 °, to weigh it, and to bring a known fraction into a 
poroelain boat contained in a glass tube. Through the tube 
dry carbon dioxide is passed, and the sulphide is heated, the pure 
anhydrous trisulphide remaining behind. The sulphide may 
also be oxidised by means of nitric acid and the residue ignited 

, ■ Waifar. Jem. CW See, 1D0J. 84. 184. 

• H.t.me, Belt. Sec. t U*. Bill., 1806. SO, 48. 
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And weigh*! as tetroxide, or it may be dissolved in a luge 
excess of sodium Sulphide, potassium cyanide added, and the 
resulting solution electrolysed and the metal weighed. 1 
Antimony is also frequently estimated volqmetrically, the 
trioxide, in presence of sodium bicarbonate, l>eing converted by 
means of standard iodine solution into the [tentoxide, or the 
trichloride being qpnvertcd into the pentachloride by a standard 
solution of sodium broin&te in presence of hydrochloric acid. 9 

The guantilflfire separation 9 of antimony from other metals, 
with the exception of arsenic and tin, does not exhibit any 
difficulty. Should these three elements be present together 
their sulphides must be first converted into oxides by treatment 
with nitric acid, and these fused for some time with eight rimes 
their weight of caustic soda. The cooled moss is next allowed 
to soften in hot water until the sodium metautiinonato has 
separated out os a white powder, and then one volume of alcohol 
of specific gravity 0-83 is added for overy three volumes of the 
liquid. After standing for some time tho liquid is filtered and 
the precipitate welf washed with dilute alcohol, to which at 
lust some caustic soda is added. The filtrate contains tho 
stonnate and arsenate, whilst? the whole of the antimony is con¬ 
tained in the residue, and this is converted ill the uhuoI way 
into the sulphide (II. Rose), A more rapid method of separation 
depends on the fact that in presence of free oxalic acid antimony 
is precipitated by sulphuretted hydrogen us the sulphide, whereas 
tin remains in solution . 1 Antimony and t in can also be separated 
olectrolytically . 5 

The separation of antimony from arsenic, which had previously 
been difficult and unsatisfactory, was first rendered exact by 
Bunsen. The moi*t and well-washed mixture of Rulpbidcs 
obtained by precipitation with sulphuretted hydrogen is dis¬ 
solved on the filter in an excess of caustic potash, and the 

* Kohn and Barnet, Brilieh Atm. Hepcrlt, 1880, 244. Hm al*u Law and 
Parkin, Trat*. Faraday Soc ., 1905, 1, 202; Haim and Philippi, Zed. m-jry. 
Chi*., 1921, US. 201. 

* Niatenaon and Siedler, Che*. Aril., 1903, 27, 740; Kownll, J. Sac. Chen, 
lad.. HOI 28. 1181. 

' 8ea Darling, Che m. Zmlr., 1918, it, 880; 1920, it., 780 l"r a bibliography 
of the mbject. 

* Clarke, Cham. Art et, 1870, 21, 124; Letter, Zeii. anal. Che*., 1888, 27, 
218; Warren, them. Arm, 1890. SB. 218; Clark, Foam. Chem. Soc., 1882, 
81.424; Halts, Zeil. awry. Che*., 1803, 27, 1. 

* 8w Firebar, Zeil. artery, them , 1904, 42, 383, aha re the literature ol tho 
•ubjeot it footed. Compere Cohen and Morgan, Aradyit, 1909, 84, 3> 
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diluted solution treated with chlorine until all the free alkali has 
combined. The excess of chlorine is then got rid of by repeated 
evaporation with hydrochloric acid, the solution diluted, and this 
treated with a freshly prepared solution of sulphuretted hydrogen 
until all the antimony is precipitated. A rapid current of air is 
then passed through the liquid in order to expel the excess of 
sulphuretted hydrogen, and the precipitate gashed first with 
water, then with alcohol, and at last repeatedly with carbon 
disulphide, in order to remove free sulphur. After drying at 
] 10°, pure pcntosulphide of antimony remains, and this is after¬ 
wards weighed. The arsenic in the filtrate may be estimated 
by continued treatment with sulphuretted hydrogen when the 
pentasulphidc is precipitated and treated as above described. 

A still simpler method of effecting this separation consists in 
adding ferrous sulphate or chloride to a solution of the chlorides 
of the two metals in hydrochloric acid, saturating with hydro¬ 
chloric aoid gas, and distilling. The whole of the arsenic passes 
over and may he collected in dilute hydrochloric acid, whilst the 
antimony remains behind and may he precipitated in the usual 
way after the ferric Balt has been reduced to the ferrous state. 1 

Atomic Weiylit.- -Tho methods Which have at various times 
boon employed for the determination nf the atomic weight 
of antimony have led to somewhat divergent results. The 
number 129 obtained by Berzelius was long accepted as correct, 
until Schneider's experiments * on the reduction of the sulphide 
proved that 120-CB was nearer the truth. Dexter* then found 
the number 122 5 by treatment of tho metal and trioxidc with 
nitric acid, the resulting oxide being converted into the tetr- 
oxide by ignition. This was confirmed by Kessler, 4 who adopted 
a similar plan, and by Dumas, 5 who analysed the trichloride and 
obtained the number 121-8. On the other hand, a very carefully 
conducted sories of analyses of the bromide led Cooke * to the 
number 119-80, while analysis of the iodide gave 119-8 and 
synthesis of the sulphide 120-55. The electrolysis of the chloride 
led in the hands of Pfeiffer’ and of Popper* to the number 
121 -2, but it has been shown that the method applied is not 

1 Fiacbor, Her., 1880, 13, 1773. S» alao Piluty and Block. Btr„ 1887, 
89, 1649 1 Beck and Fiahar, Ckm. -Vjicj, 1$99, 90, 259, nbera a oritical 
dlieuMiun of tho rarioua method* t* to lo found. 

* Pn». Ana., 18*6,98,293. • /«*., 1B*7,100, 563. 

* Ibid,. 1861.118,14*. * Am. Ctim. Pky,.. 18*9, [3J, H, 129. 

• Am, r. J. Sti.. 1878, U, 41,107; 1880,18,582. 

• datuiea, 1881, BOB, 173. * Ibii.. 1888, BO, 1*3. 
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accurate. 1 A seriea of determinations mode by Friend and 
Smith, 1 by the indirect method of heating potassium antimonyl 
tartrate in hydrogen chloride and weighing the potassium 
chloride produced, gave the number 120-34. m 
The value at present (11122) adopted is 120-2, which is based 
largely upon the work of Cooke. Nevertheless, it is quite 
possible that tint older determinations, giving a value sound 
about 122, are more nearly correct. A number of chemists have 
suggested that the higher value is preferable, basing their views 
upon the results of careful analytical investigations;* and, in an 
elaborate investigation into the preparation and analysis of pure 
antimony tribrnmide, Willard and Me Alpine hate 4 recently 
obtained the value 121-77. 


BISMUTH. Bi~ 2 o 8 -o. At. No. 83 . 

4 S 7 The word mawuile, by which, up to recent times, the 
metal bismuth was often designated, is found 41 the authors of 
the thirteenth century. Hence it has been supposed that this 
metal was known at that tim*. This is, however, not the ease, 
for the name mnreasite had in those days, and even at a much 
later period, a very indefinite meaning, living given to any ore 
which had a metallic appearance, and esja-eially to those ores 
which aij now classed ns pyrites. 

Bismuth was classed by Paracelsus amongst the semi-metals. 
On the other hand, Agricolo mentions biarmiilum or plumbum 
cinereim as n true inetal which is usually added to tin in order 
to make it work better. Notwithstanding this clear statement, 
it was subsequently confounded by Ubavius with antimony, 
and by Lemcry with zinc. Metallic bismuth wos moreover 
described by “ Basil Valentine ” in bis Last Testament; 
“ Antimonium must be placed between tin and lead, us bismuth 
or magnesia is placed under and between tin and iron,” and 
he also states that “bismuth or marcasite is a bastard jotti.” 
Pott, in 1739, was the first to make us acquainted with the special 
properties of bismuth, and it* reaction* were exactly studied by 
Bergman. 

1 Cohen and Slrenxeri, Pror.. K. Akai. BVfcnwk. Amitaiam, 1903, 5, 843. 

» J. Amer, Cktm. Ac., 1901.23, XI. 

• Yosts. Ztil. anorf. Cktm., 1603, 37, 337: Beakelt, /pwajmnif Dmtrhtiun 

(Zurich, 1909); fan Bucko, Monalsk., 1916, 17, 100. , 

• /. dswr* Cktm. See., 1021,43,797. 
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Bismuth is a comparatively Tare metal. It is found chiefly 
in the native condition, but also as the oxide or bismuth ochre, 
Bi,0 3 ; lea frequently it occurs as hismuthite, BijS s , whilst it 
is found still more sparingly in the following minerals: telluric 
bismuth or tetradymite, Bi^Te.S),; emplectite, CU|Bi, 8 ,; bis- 
muthite, 3 (Bi 0 ) 2 C 0 „ 2 Bi{ 0 H)„ 3 H, 0 ; aikinite, Ili 2 S J ,2PbS,Ou,S; 
bisnruthosmaltite, Co{As,Bi) t ; pucherite, BiA f 0 4 ; eulytite or 
bismuth ailicate, Bi,(Si0 4 )j, etc., and occurs in traces in the 
pyrites of Agordo. Native bismuth is sometimes found nearly 
pure, but is usually alloyed with other metals or mixed with a 
variety of ores. It is found in veins traversing gneiss or clayey 
slate in Bolivia, Saxony, Australia, etc., usually associated with 
ores of silver and cobalt. 

468 The Metallurgy nf Bismuth .—Formerly bismuth was 
obtained by heating the ore in sloping iron tubes, when merely that 
portion of the metal present in the elementary state was obtained, 
and this in a very incomplete manner. The residue was em¬ 
ployed in the manufacture of smalt, anjl the bismuth again 
extractwl from the cobalt speiss. 

This liquation proceas has now been superseded by smelting 
methods. Oxidised ores may be treated direct, but sulphides 
must be subjected to a preliminary roast. Reduction is carried 
out in crucible furnaces or in amuli reverberatory furnaces, the 
charge being made up of ore, carbon, slag, sodium carbonate, 
limestone, and sometimes fluorspar. It is essential tu»havo an 
easily fusible slag so os to avoid loss by volatilisation. The 
products of this operation are generally crude bismuth, matte or 
spews, and slag. For ores carrying sulphide of antimony and 
arsenic scrap iron is also added to the charge. 

Bnmuthiferons litharge and other metallurgical by-products 
are sometimes treated with hydrochloric acid, and the bismuth 
precipitated by means of iron, or the solution is largely diluted 
with water in order to precipitate the oxychloride, which is dried 
and reduced. 

Crude bismuth, which generally contains lead, antimony, and 
arsenic, besides traces of iron, cobalt, nickel, silver, and Bulphur, 
is refined by melting it in small iron kettles under a cover of 
salt, potassium chloride, cauatic soda, and sufficient oxychloride 
of bismuth to take up the lead. The mass is constantly stirred, 
and in from one to three hours the whole of the lead is converted 
into chloride, and a corresponding amount of bismuth separated 
from "the oxychloride. Antimony is removed in the *same way 
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with a flux of soda, potash, and sulphur, sodium thioantimonate 
being formed, whilst for arsenic the flux used is caustic soda and 
nitre. 1 A simple liquation process is also often used, the metal 
being melted on a slightly inclined iron plate. • 

Bismuth which contains 1 or more per cent, of lead melts 
at a lower temperature than pure bismuth. Such an impure 
metal exhibits oil cooling the peculiarity that the solid crust 
of pure crystallised bismuth is seen to be broken through by 
drops of a liquid alloy, and this property lias been employed 
to separate bismuth from load (Hatthcv). Silver behaves in a 
similar manner. Commercial bismuth frequently contains small 
quantities of gold, which, along with silver, may be’removed by 
melting with 2 per cent, of zinc and skimming off the surface 
layer, which is found to contain the precious metals* 

When bismuth is required (nr pharmaceutical purposes it must 
be freed from traces of arsenic. For this purpose it is indu'd 
with nitre or other oxidising agent, fused with metallic iron, or 
the molten metal i\ well stirred and exposed to the air, any 
antimony being simultaneously oxidised.* 

In order to prepare cbeinjfally pure bismuth, the commer¬ 
cially pure metal is dissolved in nitric acid and evaporated with 
hydrochloric acid. Tho chloride is then dissolved in hydro¬ 
chloric acid and the solution mixed with alcohol, which preci¬ 
pitates the greater portion of the lead in the form of chloride. 
The filtitte is poured into water and the precipitated oxychloride 
washed, rcdisaolved in hydrochloric acid, and again precipi¬ 
tated with water, this process being frequently repeated. 
The oxychloride is then again dissolves! in hydrochloric acid 
and precipitated with ammonia and ammonium carbonate, 
this operation being repeated three times, after which it is 
finally reconverted into oxychloride, and the latter reduced to 
metal by fusion with potassium cyanide. The metal thus 
obtained still contains lead, from which it can only be freed by 
electrolysis. Fot this purpose it is dissolved in nitric acid 
and the solution slowly electrolysed, any lead being deposited 
as peroxide on the positive pole. The bismuth is then finally 
fused with potassium cyanide. 4 Another method is as follows. 
The fairly pore nitrate is dissolved in hklf its weight of 8 per cent, 
nitric acid, mixed with an equal weight of the concentrated acid, 

1 Bore hr r*. Himral InivUrg, 1899, t SS. 

< Mstqwy. Pm. Rag- Sec., 1887, «. 89. » lbii.. I8B, H«M. 

• CWn, Btr., 1890, It, MO. 
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end cooled to 0° to —10°. The pure nitrate which crystallises 
out is washed with a little ice-cold nitric acid, heated to convert 
it into oxide, and the oxide reduced by fusion with potassium 
cyanide. If Decern', further purification may be carried out 
by melting the metal under paraffin, allowing it to crystallise 
in part, and removing the first and purest crystals by moans of 
a glass spoon. 1 • 

4 S 9 Properties. -Bismuth is a hard, brittle metal, having a 
bright, metallic lustre and a greyish-white colour, with a dis¬ 
tinctly reddish tinge. Its specific gravity at 15° is 9-747; it melts 
at 271° and expands in the act of solidification, the specific 
gravity of fhc solid at the temperature of the melting point 
being 9-673 and that of the liquid 10-004.* Its boiling point 
lies in the neighbourhood of 1420° (Greenwood), and it can bo 
distilled in a current of hydrogen. The vapour density between 
1000° and 1700° is about 11, n number which is intermediate 
between the values corre»|iondmg to the formula; Bi and Bi* 1 
Whon a largo quantity is melted, allowed to,cool slowly until the 
surface Begins to solidify, the crust then broken, and the liquid 
metal poured out, fine large crystals are obtained. These arc 
obtuse rhombohedm which have the appearance of cubes ns their 
angle* approach closely to 90°. Acieulnr needles consisting of 
elongated, hexagonal prisms have also been observed. 4 The 
crystals oxidise in the air, nnd frequently become covered with 
an iridescent film of oxide. The same colours may be Obtained 
when the metal is melted in the air, but if the heat be continued, 
the metal gradually becomes altogether converted into oxide; 
at n red heat steam is slowly decomposed by bismuth. This 
metal combines also directly with the elements of the chlorine 
group and with sulphur; hydrochloric and sulphuric acids do 
not act upon it in the cold, but the latter acid dissolves it on 
heating with evolution of sulphur dioxide. Hydrochloric acid 
dissolves it in the presence of dissolved oxygen. The best solvent* 
for bismuth arc nitric acid and aqua regia, both of which dissolve 
the metal readily in the cold. 

According to Cohen, bismuth is a mixture of two or more 
allotropee. 4 

i Hyliu and Gnwrhuff, tut. anerg. firm., 1010, M, 237. 

* Viemtini, Jours. Chrt*. Soc„ 1801,80. 818. 

* Mrjrr, Brr.. 1*89,0,720. 

* Heberdey, SibitogAtr, K. A tad. Win, IMS, 101, i. !6t. 

4 Cobjo, Pnc. K, Alt ait. tVrirnrei. Amsterdam, 1918,17,1238; Wnjmrobraidt, 
Jairi. Mi*-, 1917, i, Ref. 2. 
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Colloidal bismuth is obtained by reducing the nitrate by stannous 
chloride in the presence of ammonia and ammonium citrate , 1 or 
the oxychloride by hypophosphorous acid.* 

Bismuth serves for the preparation of mayy pharmaceutical 
products and cosmetics, and is also employed for the manu¬ 
facture of alloys of low melting point, and in the construction 
of thermopiles. ( 

460 Alloys of Bismuth .—Bismuth forms a number of alloys of 
low melting point, which arc known by the general name of 
fusible metal. The temperature of the melting point depends 
on the proportion of the constituents, .is is shown in the following 
table: * 



Kawlun'a 

Metal. 

Kiwe'a 

Metal. 

Uchtm- 

Maul. 

\Vu*,d a 
Metal. 

Lipowiti. 

• 

Bismuth . . 

8 

2 

0 

II 

mm 

Lead . . . 

5 

1 

mm. 


99 

Tin . . . 

i 

1 

19 

mm 

n 

Cadmium 

0 

% 

0 

i 

ii 

Melting point 

94-6® 

_ 

01-75° 

mo’ 

71® 

00 ° 


• 

The melting point can bo still further lowered hy the addition 
of mercury. Fusible metal is now largely used for stereotyping, 
obtaining copies of wood-cuts, etc., and is not only valuable on 
account of its low melting [mint, but also because it expands 
considerably in the act of solidification, ami thus gives a jrcrfcct 
cast; it is important to make the cast when (he metal is so 
far cooled that it is beginning to be viscid. If any of these 
liquid alloys be {mured into a glass vessel this flies to pieces 
when the metal cools. Bismuth is also used in the manufacture 
of solder, and the Boldering can be effected under hot water 
when a few drops of hydrochloric acid have been added. Alloys 
of lead, tin, and bismuth mixed together in such proportion that 
the mixture fuses at some particular temperature above 100 ® 
serve as Bafety plugs for boilers and automatic sprinklers. Bis¬ 
muth alloys, melting at a given temperature, are used for 

> Lottermoaer, J. p r. CW, 1899, f*J. M,«». , 

* Utitbler and Hgfroeier, Itit. wwff, Cktm.. 1B05, H *25. 
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tempering steel; the pencils used for writing on the so-called 
metallic paper likewise consist of an alloy of bismuth. 

Bismuth in very small quantities renders gold and silver 
brittle, and greajly diminishes the conductivity of copper for 
electricity. 

Molten bismuth, to which 0-05 per cent, of tellurium has been 
added, solidifies to a minutely crystalline may, entirely different 
in appearance, fracture, eto., from the pure metal. 

When bismuth is treated with a solution of sodium in liquid 
ammonia a compound of the formula BiN'a, is formed as a 
bluish-black mass, which takes fire in the air, and decomposes 
water with*evolution of hydrogen . 1 


COMPOUNDS OF BISMUTH. 

# Bismuth and Hydrocen. 

461 It has long been suspected that bismuth forms a volatile 
hydridf, and its existence has now been demonstrated by Faneth 
and Wintemitz . 1 A bismuth-magnesium alloy is prepared by 
heating equal weights of powdered bismuth and silicon-free 
magnesium in an iron crucible in a rapid stream of dry hydrogen. 
When this is dissolved in 4AMiydrocMorie or sulphuric acid the 
evolved hydrogen contains traces of bismuth hydride, the presence 
of which may be established by a mirror test or a luminescence 
test. The former is made in the familiar Marsh'* appdlatus (see 
Vol. I. p. 717); the mirror obtained closely resembles an antimony 
mirror in appoarance. The luminescence test is more delicate. 
The gas issuing from the Marsh's apparatus is ignited and a piece 
of pure calcium carbonate held in the flame on a platinum loop. 
The carbonate is allowed to cool, and then placed at the edge of 
the hydrogen flame, when a cornflower-blue luminescence is 
observed, due to bismuth, and visible in bright daylight. 

Bismuth hydride is absorbed by water and dilute sulphuric 
acid to some extent; a better absorbent is silver nitrate solution. 
It is also absorbed by anhydrous calcium chloride and soda-lime, 
and to a considerable extent by sodium carbonate and potassium 
hydroxide solutions. It is completely decomposed by concen¬ 
trated sulphuric acid. 

■ Joaonla, Com pi, rend.. ISM. 114, S US. 

* Puurtb. Btr., 1818, O. 17W; PsneUi and WinleroiU, Btx., 1918, O, 
1788; M CUm. lot., 1M0. 44. 341; 2til. BkUnektm., I WO, St, 4Hj 
PinnA, MsUIiIm ud Schmid t-HebW, Btr., IWJ,*.ffl]. 778. 
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Bismuth and Oxygen. 

Only two well-defined oxides of bismuth are known : 

Bismuth auboxidc or dioxide, BiO «r Bi,O s . 

Bismuth trioxide, l)i,0,. 

Tho Buboxide only very feeble basic properties, whereas 
the trioxide is a well-marked, basic oxide and corresponds to the 
stable salts of bismuth of the general formula BiR l } . Higher 
oxides are formed by the oxidation of the trioxide, to which the 
formula* Bi,0 4 and lli,0, have been ascribed. 

Bismuth Suboxitle, BiO.—The question as to tho existence of 
an oxide of this com|ioBition has given rise to much discussion, 1 
but the experimental evidence renders it probable that the 
suboxide is a definite chemical substance. 

The suboxidc was first described by Berzelius. It is best 
obtained by gently heating basic bismuth oxalate, (BiO),!',^, 
in absence of air (Tanatar): 

(Bi0) 1 C l 0 4 =2Bi0 + 2C0„ 

or by carefully adding an alkaline solution of stannous hydroxide 
(l mol.) to bismuth hydroxide (1 inol.) suspended in dilute 
potash, washing the suboxide first with dilute potash in absence 
of air until all traces of stannic oxide are removed, then washing 
with wafer, and finally drying at 120'’ in a current of carbon 
dioxide (Schneider). Jt is a black powder which is stable in 
the air and has the specific gravity 7-2, this being considerably 
less than that of a mixture of bismuth aud its oxide having the 
same percentage composition as the suboxidc (8-9). When 
heated in the air it passes into the trioxide with incandescence, 
and in absence of air is converted into a mixture of bismuth 
and bismuth oxide. 

The auboxide is converted by hydrochloric acid into bismuth 
chloride, which dissolves, and insoluble metallic bismuth. The 
heat evolved in this reaction is considerably less than that 
produced when a corresponding amount of the trioxidc is dis¬ 
solved, and this affords a further proof of the individuality of the 

1 Vinino ud Treubcrt, ftr., 1898. JL 1113.1267; ISM, SS. 1072; where 
the older literature u quoted. See alw Schneider, J. pr. Ckrm., ISOS, (2J, H, 
M2; 1698. (2|, SO. 524; T»n»ur. Uil. May. Ctcm, 1001, *7. 437; Hera end 
Guttnuna, Ztit. auty. CScra, 1807, S3, 63; Vutan end Ztunkuich. Arch. 
nm„ 1910,048.665; Hera, Ztit. mol. Citm.. 1915, S4. 103, 413; Treubert 
Ud Vulno.13**., 1914, 0, 564; 1915, H 255. 
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suboxido (Tanatar). It reduces Fehling’s solution and potassium 
permanganate, and is converted by excess of alkaline stannous 
chloride into metallic bismuth. 

Bismuth Trioxyle, Bi a 0 3 , is found as bismuth ochre in 
Cornwall, Virginia, Siberia, and Erzgebirge, as a yellow or 
greenish grey, amorphous mass or as a powder, and it usually 
contains ferric oxide and other impurities. Ii^ordcr to prepare it 
artificially, the hydroxide, carbonate, or nitrate is heated Thus 
obtained, it is a yellow powder having a specific gravity of 8-2. 
It fuses at 820'', forming a brown liquid, and when this is allowed 
to cool the solid wiiich is firet formed passes at 7Ot° with evolution 
of heat intif a second modification, which forms a yellow, crystal¬ 
line mass. When fused in porcelain a thiril form is produced 
which crystallises in long, yellow needles of specific gravity 8-55. 1 
When a boiling solution of a bismuth salt is precipitated with 
potash the trioxidu is obtained in microscopic needles, and if 
tGia be melted with caustic ]K»t<i*h the product is found to crystal¬ 
lise in rhombic prisms. When the oxide is prepared by adding 
potassitini cyanide to bismuth nitrate solution, boiling and heating 
the resulting grey powder in the air, it crystallises in tetrahedra 
belonging to tho regular Bystem.' It is therefore isodimorphous 
with antimony oxide.’ The oxide prepared by roasting the metal 
appears to have been employed us a yellow point in Agricola’s 
lime. 

Bismuth trioxidu is a stronger base than the eorrisjmnding 
oxidu of antimony, and forms a well-defined scries of salts, which 
ore clwrocteriscd by the ease with which they are converted by 
water into insoluble basic salts. 

Bismuth Triktplrvlide, Bi(Oil),. is obtained as a white, amor¬ 
phous powder by precipitating a bismuth salt with cold caustic 
soda or ammonia. It is soluble iu caustic potash in the presence 
of glycerol,* and when precipitated from this solution by acids 
is free from basic salts, which are always present in tho Hydroxide 
prepared by precipitation with alkalis. 4 When dried at 100“, it 
has tho composition Bi a Oj,H a O or BiO’OH. 

Higher Grilles of Bismuth ,—When a current of chlorine is 
passod into a boiling solution of caustic potash or soda containing 
bismuth hydroxide in suspension, a red powder separates out 
which contains alkali and yields chlorine on boiling with hydro- 
1 1 !ttrtler, Ztil asorg. Clem., 1903. 37. 222. 

■ Muir tmi Hutchinson, Joarn. Clem. Sat., 18S9, 5t, 113. 

, • Lome, Zeil. mut Clew., 1883. 22 40S. 

* ThiUult, J. Plnrm., 1900, [Oh 1& 4S9. 
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chloric acid. Under varying conditions, the nature of the products 
obtained in this reaction also varies and substances described as 
bismuth tetroxide, Bi,0,, a brown powder, and the dihydrate of 
this oxide, Bij0 4 .2Hj<), an orange-yellow ]tow<tyr, have also been 
prepared by means of it. Similar highly oxidised products are 
formed by the electrolytic oxidation of the trioxide, and by the 
action of persulphate*, of hydrogen peroxide, and of potassium 
ferricyanide on the triuxide in the presence of alkali . 1 According 
to (iutbicr and Biinz , 2 none of these reactions leads in any case 
to a definite homogeneous product. 

Wonky and Kobertson,* however, claim that definite oxides 
may be obtained. Using 5 -10 per cent, sodium hydroxide and 
oxidising with chlorine, the only product is bismuth tetroxide, 
Bij 0 4 , which is freed from trinxids and alkali by repeated grinding 
with glacial acetic acid. Two forms of the anhydrous oxide 
exist, brown and purplish-black in colour, and also two similarly 
coloured forms of the monohydrate, BijOj.11,0. All arc solubfe 
in nitric acid, sp. gr, 1 ; 2 , wit h liberation of oxygen, and dccmujxiso 
at ICO 0 . When concentrated alkali solution is used, a* yellow 
diiiydrute, Bi 3 0 4 ,2H,0, is formed together with a red pcnloxitle, 
BijOj.HjO. When ammonium persulphate or i»)laasium ferri- 
cyanidu are iuhm! as oxidising agents, the product is the tetroxidu 
when the reaction proceeds in (toiling dilute alkali, but with 
concentrated alkali a small amount of a hexnxide, Bi,()„ is also 
formed, which may be separated from the tetroxide owing to it* 
insolubility in nitric acid, sp. gr. 1-2. The hexnxide is an anhy¬ 
drous, pale brown powder which slowly loses oxygen and darkens 
in colour at the ordinary temperature. 

Bisuutii ani> tiie Ha luce ns, 

46 a Bismuth sub-iodule, Bil 2 , is a volatile substance, crystal¬ 
lising in red orthorhombic needles,* The sub-oxyiodide, 
2BiI„3BiO, is non-volatile and begins to decompose at 350’. 

Bismuth Trifiuoride, BLF,, is obtained os a white powder 

1 >See Deicblar. Znl. opwep. Cktm., 1890, 20, 81, where • cril ical diat-uuinn 
ot tbo earlier literature Kill be (ouod. Muir, Joum. ('km. Sue., 1887, 61. 
77; ItotUnl, Compt. rati., 1003. 138. 220; Hauser anil Vanlno, toil. isurg. 
Ckm., 1004,18, 381; Aloy and FrebauK, B*U. Hoc. dim., 1000, [3], 86. 300,- 
Moeor, Zdt. atutj. Cktm., 1900, H, 33. 

*2e* tmorg. Ckm., 100ft 48. 162, 294 ; 48, 432; 10, 210; 1B07. 62, 124; 
Ckm. Cent,.. 1000, i., 732. 

* Aw Ckm. Soe., 1920,117, 03. 

‘ Deahsoi /. Amt,. Cktm. toe., 1821,41, 2387. 

vol. n. (n.) p 
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by dissolving the oxide in hydrofluoric acid and evaporating the 
solution. An ozyfluoride, BiOF, is formed when the acid is 
completely neutralised by the oxide. The fluorido forms a 
double wilt with ynrnonium fluoride, BiFj.NHjF. 1 

Bismuth Bichloride, BiCl„ is said to be formed when a slow 
current of chlorine is passed over the fused metal, or when the 
metal is heated with calomel to 250® or freed with the tri¬ 
chloride. Thermal investigation of the system Bi-BiCI a , how¬ 
ever, does not indicate the formation of any dichloridc, but shows 
that within certain limits the metal and its trichloride form mixed 
crystals. 1 

Bimuth 'Trichloride, BiCI„ was first prepared by Boyle * by 
heating bismuth with corrosive sublimate. It is also formed 
when the inetjil is burnt in a stream of chlorine, or when a con¬ 
centrated solution of the oxide in hydrochloric acid is distilled, 
the receiver being changed after all the water lias come over. 
flUilUlh trichloride is a granular, white mass, which melts at 
from 225° to 230®, boils at 136° to 441", t and yields a vapour 
having the normal specific gravity of 11*35 (Jaqudain). Heated 
in a current of hydrogen, it is reduced to dichloride.' It forms 
a syrupy liquid when dissolved m a small quantity of water, 
though a larger quantity of water decomposes it, with formation 
of bismuth oxychloride, jliOO, as a pure white powder, insoluble 
in water, but readily soluble in acids. It separates from a 
hot acid solution in tetragonal crystals 5 of the sp. gra7-717 at 
15”, and is decomposed by excess of caustic potash. 8 Heated in 
air, bismuth oxychloride loses chlorine and takes up oxygen; in 
absence of air it becomes yellow-cotoured, fusing without 
decomposition. 

When a solution of tile oxide in an excess of hydrochloric acid 
is evaporated, fine, needle-shaped crystals are deposited, having 
the composition Bi('l 3l 2HOI, whilst at 0° a saturated solution 
of the two deposits crystals of the compound 2BiCI J ,HCl,3H t O 
which are stable at the ordinary temperature.’ Bismuth tri- 

1 tlctdhull. Zed, <i"ory. den,, 1802, 8, IIS. Seo also Muir, Hoffmcbtor and 
Robb*. Jours, C*m. Sor.. IKHl. 8S. M. 

» Marino and Becarelli, Alii R. AttaA. Lined, 1615, (51 24 , it. 025; 1818, 
5J.SU, 105, 171.221,120. 

■ Egptrimnk mi Ccnmierntions To*dr~t Ccloart. 

• Muir, Jours. Chem. Snc„ 1876,1., 144. 

• da Sohultcn, B.IL Sac. chim., 1800, (3123, 156. 

' Hen and Mohs, Zed. 0 * 0 * 7 . CV*., 1904,32, 115. 

1 Engel. Cumft. mi., 1888, 106, 1787. 
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chloride forma double salts with the chlorides of the alkali metals,’ 
the chlorides of many bivalent metals, 5 and with ninny organic 
bases. Ammonia yields three compounds—Hitlj.SJfilj, a very 
volatile, colourless substance; Bi0l,,2NH s , a dirty-grey, non¬ 
volatile mass; and 2BiCl,,Nir 3 , a red, crystalline body. They 
combine with hydrochloric acid to form double salts, which are 
also obtained when ammonium chloride is added to the solut ion 
of bismuth in the right proportion and the mixture evaporated.’ 

Bismuth trichloride combines also with nitric oxide * to form 
the yellow compound 2BiClj.N0, uud with nitrosyl chloride 6 to 
form an orange-coloured powder. Bill,,N<XT. 

Bismuth Tribromiile, BiRr,.--When bromine vapour is passed 
over powdered bismuth an energetic reaction lakes place and u 
red liquid volatilises. This rook to a golden-yellow, glistening, 
deliquescent, crystalline mass, which melts nt 210 ' and boils at 
453'. Bismuth tribntmidc crystallise* Intm ether in prisms, 
ami water dccmupteim it into the white insoluble orybramifc, 
BiOBr. It forms crystalline double salts with the bromides of 
the alkali metals and also with the cyanides of various metals: * 
with ammonia it yields compounds similar to those of the chloride. 

Bismuth Tri-iixlidr, ]ii[ 3 . is (flilained by treating the powdered 
metal with iodine and heating the product; by precipitating 
a bismuth salt with potassium iodide solution, dissolving in 
hydriodic acid, and reprecipitating with water; nr, better, by 
addiug bismuth oxide to a solution of iodine in stannous chloride 
saturated with hydrochloric acid.’ It sublimes in greyish-black, 
metallic, glistening, six-sided tablets, which nre not decompos'd 
by cold water, though they arc converted by hot water into an 
insoluble oxyiodide. If a solution of the iodide in hydriodic acid 
be evaporated, rhombic pyramids of Bil„ 111,411,0aredeposited. 
Bismuth iodide forms a large number of double salts.® 

Bismuth Oxyiodide, BiOi, is obtained by decomposition of the 

■See Brigham, Antr. Cham. J., 1892, 14. 104; Kirin. Jortm. ('hem. Soc., 
I8W. S3. Ml); Aloy and Frfbnh,, Itnlt. See. ckim.. I Win. |.1j, 38. 300. 

* We inland, Alter, and Schwinger, Arch. 1‘karm., lillU, S84. Ml. 

■ Dehirain, Compt. rad., 1802, 54, 924. 

‘Thomas, Compt. rout.. 1895,121, 128. 

* Sudbormigb, Jour*. Chem. Soc.. 1891. 89, 892. 

• Voumaaoa, Compt. rend., 1921.172,535. 

’Birckonbach, her.. 1907, 40. l«0». 

• Nicklos, Compt. rend., 1800, 80, 872; J. rbinn., (3], 39. 116; Lioan, 

Pops- Am., 1860, 111. 240; Walla and Kontc, Amer. J. Sri.. 1897, 3. 401; 
WslSer, Zeil ananj. Cleat., 1902,31, 191; Cannuri and Purina, Goa., 1022.52, 
I., 241. - • 
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tri-iodidc with boiling water, or by heating the same in the air, 1 
as a copper-red, crystalline mass, which can be sublimed when 
heated in the absence of air, but is gradually converted in 
presence of air intp a crystalline oxide. 


Bismuth and tiik Elkmknts ok the iSutmuR Group. 

463 Bismuth SnbsMfphhk, BiS, was first described by Werther * 
aud Lagerjhelm* as a grey, metallic, lustrous mass of needle- 
shaped crystals, obtained by fusing bismuth with sulphur and 
cooling quiokly, hut this contained free bismuth and the sulphide, 
Bijftj. The existence of the same compound has been deduced 
by IVIalxm , 4 but denied by Aten , 1 from the study of the equi¬ 
librium curve for bismuth and sulphur and the behaviour of 
these two elements in the presenco of hydrogen, 

•Bismuth Truulpkide, IlijK,, occurs as binmuthitc in rhombic 
crystals, and also massive with a foliated or fibrous structure; 
its specific gravity is C* I. It is found at ’Brandy (lilt, Tarrock 
hells in Cumberlsnil, at Kedruth and itotalluck and other localities 
in Cornwall, in the lirxgebirge, in Bolivia, and in other places. It 
is obtained artificially by fusing the metal with an excess of sulphur, 
or by precipitating a solution of bismuth chloride with sulphur¬ 
etted hydrogen or sodium thiosulphate. Thus prepared, it forms 
a blocknh-brown precipitate easily soluble in nitric acyl and in 
boiling concentrated hydrochloric acid, but not in alkalis. Its 
solubility in pure water has been found by the conductivity 
lUPtlHKl to'be U-itfi X lO - * grnm-moleculcs (0-2 mgm.) per litre. 
When it is heated to 200° in a solution of an alkali it becomes 
crystalline, assuming the form of bismuthitc, ami when heated 
in the electric furnace yields metallic bismuth.* 

Tho amorphous sulphide dissolves in potassium sulphide 
solution and very sparingly in Bodium sulphide solution , 7 and 

1 Compaie l)ul>riji*y, Compi. rad., 1009,149, 4SI. 

‘J /*. <•*««.. 1642,27, GO. 

9 Sehuiiggrrs Jonrn., ISIS, 17, 416, 

* Ann. Chins. 1‘kg,.. 1901, [7]. 28, 3B5; J. Ckim. php.. 1904, 2,121; Comfl, 
rrni., 1903.137. MS, 920. 

1 Ztit, enorg. Chtm., 1903, 47, 390. Compare Schneider, Pogg. Ann., 1858, 
97. 4*0; Hon and Out Unarm, Ztit. ««..». CIol, 1907, S3. 03; 1906, 54, 
422. 

• • Mouriot, Com pi, read., 1807, 1H 708. 

' Blue, Comp), mi., 1895,120. 18S. See abo J. Amtr. Chtm. Ate., 1890, 
18. 883, 1001. 
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forms salts of the formula BijS^.KjS and BijS,,Na ,8 when it is 
fused with sulphur and an alkali carbonate . 1 

Bismuth Oxysitlphiiles. —The compound Bi 4 0 3 K occurs as kare- 
lilinite at the Savodinck Mine in the Altai; it is a crystalline 
mass having a strongly metallic lustre. 

Bismuth VUonstdphidf, BiSCI, is obtained by fusing together 
in the air 1 part of sulphur and 8 parts of ammonium bispiuth 
chloride, or by heating the latter compound in a current of sul¬ 
phuretted hydrogen (Schneider), and also when the chloride is 
heated in dry nilpburotted hydrogen or the sulphide in dry 
chlorine. It is a reddish-brown solid, not decomposed by water. 
The corresponding sulphobromulr. is obtained similarly, whereas 
the siitphiistiitf can be prepared only by heating bismuth iodide 
with the trisulphide. All three compounds are decomposed by 
sulphuretted hydrogen at a bright red heat* 

Bismuth Trisulphntr, Hi 2 (.S0,) 3 , is obtained as an amorphous, 
white mass by dissolving the metal or the sulphide in concrntrnftd 
sulphuric acid and evaporating. This salt is decomposed by 
water with fornmtioh of the basic salt, Hi 2 0 3 .S(l 3 ,2H 2 <>* When 
this is lieu ted it loses water, and on cooling a yellow mass, con¬ 
sisting of Bi,0,,S0 3 , is obtidned. This salt is also obtained 
by heating the other sulphates. Another of these basic salts 
has the composition ]li 2 <>,.iS0j.3II 2 0, and is obtained in small 
needles by acting upon the nitrate with sulphuric arid. Several 
other t|pxic salts haw also been described.* Concentrated 
sulphuric acid yields the acid salt, Bij0 3 ,4S() 3 , several hydrates 
of which have been obtained . 4 

Bismuth Thiosulphate. - Complex thinanlpliatca arc obtained 
by the addition of the alkali thiosulphates to bismuth chloride 
solution. The potassium salt, K 3 Bi(.S,Oj)j.Jlf 2 t>, is sparingly 
soluble in water, and the solution rapidly decomposes, bismuth 
sulphide being deposited. This solution docs not react with 
iodine. The sodium, ammonium, and strontium salts arc also 
known . 5 

464 Bismuth Trisdmide, BijSc 3 , is obtained by fusing the 
elements together as a metallic, lustrous, brittle, crystalline 


* Schneider, Pofg. An*., I HOD. 138. *00. 

* Muir and KaglM, Jour*. Chtm. Sue., 1896, 87, 90. 

' • See Allan, Amer. Clem. J„ 1902, 27.284. 

•Adie, Proc. Chan. Hoe., 1899, IS, 226. * 

* Carnot, Con pi. read., 1878, BA 338; Haoecr. Zeif. rnxwy. Chtm., 1903, V, t. 

Vaoioo and Htuagnug, Anh. rharm., 1919, 2S7, 284. ' 
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mass, having a specific gravity of 6-82, which is. attacked only by 
nitric acid and aqua regia. 

BiswutA TriteBuriie, Tii,Te 3 . occurs as the mineral tetradymite, 
in which some of the tellurium is replaced by sulphur. It forms 
pale metallic steel-grey rbombohedra, or foliated or granular 
masses having a specific gravity of 7-2 to 7-9. Croth 1 considers 
this mineral to he an isomorphous mixture of/he elements, as it 
is not isomorphous with bismuthitc, l!ijS a , and as bismuth and 
tellurium can be fused together in all proportions.* Other 
bismuth teOurides of varying composition have been described, 
some of which occur as minerals. According to Moukcmeyer 8 
only one stable compound of these two elements exists, namely, 
UijTe 3 , which melts at • r >73". 


UisMiiTii and tiik Ki.kuksts or tiik Nitrouen Group. 

' 46 S Bismuth Miriilf, BiN, is formed os a brown precipitate 
when bismuth iodidii dissolves! in liquid ammonia is lidded to a 
solution, of |situssamid« in the same solvent.* 

Bismuth Trinitrate, Bi(N0 3 )j,. r )Hj(), is obtained in large, trans¬ 
parent, tridmie prisms by dissolving the metal in nitric acid 
and evaporating the solution, which corrodes paper, and must, 
therefore, be lilteml thrmigli asliestos or pounded glass. The 
crystals, which ate deliquescent, arc decomposed on heating, 
losing their water, and then leaving a residue, first of basic 
salt, and lastly of the trinxide. Hydrates with 2 nnd 1JH,0 
also exist . 8 

Hismuth nitrate is isomorphous with the nitrates of yttrium, 
lanthanum, nnd others of the rare earth metals," and forms 
double "alts which arc isomorphous with the corresponding salts 
of the rare earths and have been utilised in the fractional crystal¬ 
lisation of mixtures of these.’ 

When hydrated bismuth nitrate is ground with mannitol and 
water added, a clear solution is formed which is not precipitated 

1 Tub eft (UiralM <1. Minrmthn, p. 12 (Braunschweig, 1882, Vioweg). 

■&« also Amaduri, Alii g. .Wad. Used, 101ft, [6], 24, tl, 200; 1018, (0], 
27, i. 131. 

* ltd. aaoru- Clem., 100«. 46, 415. Sw fdso Gutbior, Aid., 1002, 31, 331. 

* Franklin, J. Amtr. (tea. Joe., 100ft, 27, 820. 

* van Beinmelca sud Rutlen, Pm. K. At ad. H'eltnteJi. Amsterdam, 1000, 
8. IRt, 

* Bataan, Her., 1898, 81. 1237; Zeil. usorp. Ckrm.. 1001. 27. 254; Ztit. 
Krgst. Min., 1002, 86. 192. 

’ Urtain, Cam id. nnd., 1003.137, 558; J. Chin. p*> 1000, t 10S. 
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on dilution and serves as a means of preparing many insoluble 
bismuth Balts by double decomposition. 1 

Basic Bismuth Nitrate, Bi(OH) a NO s .— Iibaviua was aware 
that the solution of bismuth in nitric acid is precipitated by 
water, and Lemery, who describes the preparation of this com¬ 
pound, states that water containing common Bait should be 
employed for til's precipitation, pure water precipitating it, 
but much more slowly; and he adds that the product obtained 
weighs more than the metal employed. The reason of this, he 
explains, is that a certain quantity of spirit of nitre remains behind 
even if the precipitate be well washed. Boyle states that the 
solution of bismuth in aqua-forti* is almost completely pre¬ 
cipitated by common water. In spite of this, many chemist!), 
looking at the analogy between lend and bismuth, believed that 
salt water was necessary for the precipitation; indeed, the 
substance was fur softie time termed horn-bismuth. This error 
was definitely rectified by 1’ntt, in 17:19. . 

Basic nitrate of bismuth, formerly termed mayistrrg of bismuth, 
is used as an iiiqiortant medicine, and many different, receipts 
an- given for its preparation. According to tho method formerly 
prescribed in the British I’liarmocopccia (1874), bismuth subnilnu 
is best obtained by dissolving 2 parts by weight of bismuth in a 
mixture of 1 parts of nitric acid of sjaxilic gravity 1-42 with 3 
parts of water. The clear liquid is innircd off from any insoluble 
matter ynd evajsirated to the [mint at which it occupies two 
volumes, and this is then poured into 80 parts of distilled water. 
The clear liquid is then decanted and the precipitate well stirred 
up with 80 parts of water, collected on a filter, and dried at a 
temperature not higher than 50''. The (lerman and French 
pharmacopoeias recommended somewhat similar processes. In 
all these methods a considerable quantity of bismuth remains in 
solution, and this may las obtained, as tho hydroxide, by pre¬ 
cipitating with ammonia. The bismuth is completely precipitated 
when 50,000 parts of water arc present to one of the nitrate . 1 

Basic bismuth nitrate is a crystalline [snider which reddens 
moistened litmus paper. Its composition varies somewhat 
according to tho quantity of water used in the preparation, and 
a large number of basic salts have been described, the condit ions 
of formation aud existence of which have been investigated by 


1 Vanino and Hauler, tut. nnarg. CXm., 1901, 28, 210; J. fr. ('turn., 1900, 
[21 7A 142. 

> Anton} and Gigli, Oats., 1885, £8, L, 245. • 
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van Bemmelen and Ratten , 1 by Allan , 1 and by de Schulten * 
When washed for a long time it becomes more basic, until at last 
the hydroxide is left. 

basic bismuth nitrate is largely used as a medicine in cases 
of chronic diarrhea and cholera. It is also employed in con¬ 
siderable quantities as a cosmetic; and this use is due to Lemery, 
who recommends it for softening the skin. When utilised for 
this purpose it was first termed Wane <TEspagne, which name, 
however, served to designate many other white pigments, 
Another name for this cosmetic is Dane de fanl. 

The basic nitrate, os well as the oxide, is also used for giving 
a colourless, iridescent glare to porcelain. This is obtained by 
rubbing up basic nitrate with resin aDd gently heating the 
mixture with lavender oil, and can he coloured by the addition 
of oxides, such as oxide of chromium, which gives to it a sulphur 
or lemon-yellow colour. With addition of 5 per cent, of gold 
tiathe oxide of bismuth, a splendid copper-rod colour with a 
reflected golden lustfe is obtained. Whim a smaller quantity 
is employed, the glare assumes a violet or pit re blue colour, whilst 
with another treatment a rose-red tint is obtained. These glare* 
are also used iu glass-staining. ♦ 

466 Bismuth Orthophosjihate, HiPOj, is precipitated when 
solutions of bismuth nitrate and phosphoric acid are brought 
together in presence of nitric nrid. When slowly precipitated by 
water from acid solution it forms microscopic crystals of sp. gr. 

at 15" (de Schulten). In the same way, an insoluble pyro¬ 
phosphate, lli 3 (iy>,)j, is prepared with pyrophosphoric acid. 
When the oxido and phosphorus pentoxide are fused together, 
a chair glass is obtained, which on slow cooling becomes crystal¬ 
line, and probably consist* of the tetrametapbosphate. 

Bismuth Anttmle, Hi a (As ] 0 r ) 3 , is a. white precipitate insoluble 
in water and nitric acid, but soluble in hydrochloric acid. The 
ortho-arsenate, KiAsOj, forms monociinic prisms of sp. gr. 7-142 
at 15° (de Schulten). 

* Phosphorus and arsenic do not readily combine with bismuth. 
The first of these forms a compound with molten bismuth, 
and if a current of phosphine be passed through a solution of 
bismuth, a black phospljido is precipitated, which, however, 
decomposes io absence of air into ita element*. An alloy of 
bismuth and arsenic gives up the whole of the latter when heated. 

> Pne. K. AM. KXnwct. Amdsritm, 1800.3, 1W. 

‘ • Am?. Ctum. J„ 1901. tt, 307. • ButL Sec. U<«, 1903, pi tt, 7». 
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Anise produces a black precipitate in bismuth solutions which 
behaves in a precisely similar way. 

Bismuth and the Elements of tiif. Carbon Grokk 

• 

467 Basic Bismuth Carhonatc, 2{liiO)jCO s .H t O, is obtained 
as a white powder when ammonium carbonate is poured into a 
solution of bismuth nitrate and the precipitate dripd at a gCntlo 
heat. It is employed as a medicine. At 100° it loses water; 
stronger heating converts it into the trioxide. 

The mineral biamnthite, 3(Hi0)jCO a .‘2Bi(t >11 ) 3 ,3H,0, is anntlier 
basic carbonate and is found at fSchneebcrg, at Chesterfield, 
South Carolina, and at other places, together with bismuth ores. 
It is a white or siskin-green, earthy mass, and sometimes occurs in 
acicular pseudomorphous crystals. 

Bismuth Silicate, Iii 4 (Si0 4 ) 3 , is found as eulytite in small, 
glistening yellow or brown regular tetnvhedrm and occurs jji 
tho Erzgebirge together with phosphates of iron and manganese. 
*» 

■ 

Detection a no Estimation of Bismuth. 

468 When a bismuth compound is heated in the upper reduc¬ 
ing flame of the Bunsen burner on an asbestos thread, a cold 
porcelain dish, held alsive it. receives a brown or black deposit 
of metallic bismuth, which is only slowly dissolved by cold 
dilute niyde acid. A brittle metallic bead is obtained when the 
compound is heated on the carbonised match, ami this dissolves 
in nitric acid, yielding a brown precipitate, of bismuth with 
excess of stannous chloride and caustic soda. A characteristic 
reaction of the bismuth salts is the precipitation of the blackish- 
brown sulphide with sulphuretted hydrogen, insoluble in ammo¬ 
nium sulphide, and easily soluble in nitric acid. In addition to 
this, water produces, in solutions which are not too strougly acid, 
a white precipitate of an insoluble basic salt, and ammonia 
throws down a white precipitate of the hydroxide insoluble in 
excess. These reactions serve to separate bismuth from other 
metals, as well as to detect its presence. If other metals pro- 
cipitable by sulphuretted hydrogen are present, the washed 
precipitate is first digested with ammonium sulphide, in order to 
separate arsenic, antimony, and tin. The precipitate is then 
well washed, dissolved in nitric acid, and dilute sulphuric acid 
added to the filtrate to separate lead; the precipitate is filtered 
off, and aa excess of ammonia added which throws down the 
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bismuth as the hydroxide, whilst any copper or cadmium present 
remains in solution. The precipitate is dissolved in a small 
quantity of hydrochloric acid, the liquid concentrated by evapora¬ 
tion, and added to a large quantity of water, when the insoluble 
oxychloride is precipitated. Care must be taken that all the 
antimony is removed by Jong digestion of the sulphides with 
amnjoniuin sulphide, and the residue well ipahed with water, 
for otherwise an insoluble oxychloride of antimony may be 
precipitated and mistaken for bismuth. 

Bismuth can be estimated in several ways. If the solution 
contains the nitrate only, it may be precipitated with ammonium 
carbonate, Jicutcd for some time almost to boiling, filtered, the 
precipitate dried and converted by ignition into the trioxide, 
which is weighed. If other acids arc present, the bismuth is 
precipitated by sulphuretted hydrogen, the washed precipitate 
dissolved in nitric acid, and treated ns above ; or it limy be dried, 
excess of sulphur removed by carbon disulphide, and t he residual 
sulphide dried at HH)'’ and weighed. The phosphate may also be 
precipitated in tlio presence of phosphoric, arid or dilute nitric acid, 
ignited, and weighed. 1 If the solution of the nitrate contains 
only a small quantity of free achl it may lie preripitnted with 
potassium dichronmlc, or with arsenic acid, and the precipitate 
dried and weighed. Bismuth may also he estimated as the metal 
by reduction with potassium cyanide. The metallic mass is 
well washed with water and alcohol, anil weighed nftqr drying. 
Bismuth may also he separated electrolytiwdly from an acid 
solution of llm nitrate in tile presence of alcohol, glycerol, or acid 
potaasium sulphate.’ 

The Atomic Weight of bismuth line been determined by several 
chemists, but without very concordant results. In 1851 
Schneider,* by converting the metal into the oxide, obtained the 
number 208-05, and this was confirmed in 1883 by Lowe,’ who 
used the same method and obtained the number 207-8, and by 
Marignnc, 5 who, ill 1883, found the atomic weight to be 208-16 
by converting the oxide into the sulphate. Dumas,* on the 
other hand, in 1859, by the analysis of the chloride, obtained the 


1 Slihlt-r *n<] Sclwrfrniicrg, ftr, 1905. 88, 38«2, 3fM3; firm. it it., 1007, 
n, 01S. 

•Co»p«. rtarf., 1900, 181, 179: ZtH. anarg. Cktm., 1001. 87, 1; /. Aw. 
Cktm. 3 k., 1903, (8 83: KicHnHjwi, ZtH. anotg. ('Jm, 1913,8i 277. 

• Fogg. An., 1851, 82. 303. • ZtH. anal. Cktm.. 1883. 88, 498. 

‘Ztit. anal. Cktm., 1881,83, 120. • Ann. Ckim., Pkft. 1859.J3], 54, 177. 
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number 210-7, which is certainly too high, and Malignac, by 
analysing the oxide, obtained the value 208-G. In 1890 Classen 1 
made a series of nine concordant experiments in which carefully 
purified bismuth was converted into the oxide and found the 
number 208-9. Schneider, in 1894,* repeater? his experiments 
and again obtained the number 208-00. The lower determinations 
have been confirmyl by the results obtained by Gutbier * anil his 
co-workere, who obtained the values 208-02—208-15 by converting 
the metal into oxide, reducing the oxide to metal, converting the 
metal into sulphate, and determining the ratio llillrj: Agltr. 
The value 208-0 is therefore (1922) adopted. Nevertheless, it is 
possible that the higher results are more nearly ccwrret, since 
Jfonigschmid, 1 who has analysed the pine chloride with nil 
modern precautions, has obtained the vulnc 209-02. 

■ thr.. 1890, 83. U3s. • J . w . I SIM. 66. 4«l. 

•Zfil. KlnkU<.tk<m., 1005, 11. 831: J. j.r. Ch< w.. 1908. ii.. 77, 4.17: ii. 78. 
41)11. 421. St also Ilia lJi*»TtuTiuna (Krlan^i-n) of Uirrkrnliuch, 10O5; llrliliA, 
11815; mill JmuM.il, lllufi. 

* Xol. KhtlmkriH, IMS). 28, 4u3. See ale. lloniiratHmiO «ml nirclcoiUch, 
Ba„ 1921. 64. («], 1873; Cta-en mil Sry. Kr,., 1!<20, 53. |«], 2207.* 




GROUP VI. 


Ruh-gmup (<i). 

Oxygon. 

Sulphur. 

Selenium. 

Tellurium. 


Rub-group Mp). 

Chromium. 

Molybdenum. 

Tungsten. 

Uranium. 


469 In thin group, as in (Sronjts I, 11, and III, the elements 
may lie dividud into taxi well-defined sub-groups, as shown in 
the above list, the sub group (<i) consisting of non-metallic 
elements (Vol. 1}, whilst those, in the sub-group ( 6 ) are metals. 
Oxygen falls in the even series, and therefore strictly belongs 
to sub-group ( 6 ), but as in the case of glucinum ill (ironp II, it is 
much more nearly allied to the members 0 } the odd series. 

Oxygen is gaseous at the ordinary temjieraturc, whilst sul¬ 
phur, selenium, and tellurium are*solids, the melting and boiling 
points of which rise with increasing atomic weight. The 
elements of the chromium group melt only at high temperatures, 
and arc reduced from their oxides with difficulty. 

All the metals unite with the elements of the oxyjnm group 
to form oxides, sulphides, selenides, and telluridos; and the 
different series of compounds thus formed present strong 
analogies among themselves, us has'already been seen ill the 
description of the com pounds of the metals of the previous 
groups. The analogy which exists between the “ oxy-salts ” 
obtain'd by the union of a basic and an acidic oxide, and the 
“ thio-sults ” formed in a similar manner from the acidic and 
basic sulphides, has also been frequently alluded to. 

The most characteristic compounds formed by these elements 
(with, of course, the exception of oxygen) arc the trioxides and 
their numerous derivatives. All these behave as acid-forming 
oxides, and give rise to well-defined series ol compounds having 
the general formula in which M‘ represents hydrogen, 

or a univalont metal, and R" an element of the group under 
consideration. These possess strongly marked analogies with 
each other, and the salts of the same metal are as a rule 
ieomorphous. These oxides also form eslts containing from 
loeo 



two to eight equivalent* of the Acidic oxide to one of basic 
oxide, such as the djaulphates, M',0,2S0 3 , and dichroraates, 
M'jO^CrO,, the trichromates, M'jO.UCrOj, the octotungstates, 
3 I'j0,8W0 3i etc. , 

The constitution of the normal acids corresponding to the 
trioxidcs is represented by the formula OjR vl (OH)„ iuid the 
hydroxyl groups ia these acids may be replaced by negative 
radicles such as the halogens. The compounds thus formed 
from the elements of lower atomic weight, such os sulphur and 
chromium, arc acidic chlorides, anil are at once decompound 
by water with formation of the acid; but ns the atomic weight 
of the element increases, the basicity of the radicle , R"O t also 
increases, and the compounds become more stable, until, in the 
cose of uranium, the compounds formed by negative radicles 
with the group UO, constitute the most stable scries of sails. 

The elements of this group also form other oxides containing 
a less amount of oxygen than the trioxide; in the case of sulphur, 
selenium, and tellurium, these oxide* (RO t ) are acidic or neutral, 
whilst with the metals of the chromium group (RO, R 3 0 3 , afld KO s ) 
they arc usually basic, and give rise to series of salts which often 
have strong reducing pro[tertiex, owing to their tendency to unite 
with oxygen, forming derivatives of the trioxido. 

The elements of sub-group (<«) combine with hydrogen and 
the alkyl radicles forming volatile cumjxninds; the elements of 
sub-group ( 6 ) do not form similar derivatives. 

Oxygen is bivalent in almost all of its compounds, but possibly 
sometimee acts as a tetrad. The remaining dements are, as 
stated above, scxavalcnt in their most characteristic oxygen 
compounds, but the valency in their other compounds, especially 
with the halogens, varies very considerably; the element* 
sulphur, selenium, and tellurium arc always bivalent towards 
hydrogen and the alkyl radicles, and usually either hi-, quadri- 
or sexa-valent in their other compounds, but no such regularity is 
observed in sub-group ( 6 ). 


CHROMIUM. Cr = s*o. At. No. 14. 

470 In 1762 Lehmann, in a letter to Buffon, “ de nova miners 
plumbi specie crystalline rubra,” described a new mineral from 
Siberia, now termed crecoirite. Vauquelin and Macquart investi¬ 
gated the composition of this mineral in 1789, and came to the 
conclusion* that it contained lead, iron, alumina, and a large 




CHROHTOSt 


JOBS 


quantity of oxygen. However, when the former chemist re¬ 
investigated the subject in 1797, he found that the lead present 
was combined with a peculiar acid, which he recognised as the 
oxide of u new rqptal. To thia the name of chromium was given, 
because its compounds arc usually coloured (from xp&fux, 
colour). Chromium was discovered in crocoisite simultaneously 
and-independently by Klaproth. « 

Chromium is not a very common substance, and except for 
i(s occurrence in very small amounts in certain meteorites it is 
not found in the free state. It is found in severat other minerals 
besides crocoisite or lead chromate, I’bCrO^ especially as chrome 
iron strinobr chromite, Fe(),Cr,O a , a mineral which is the chief 
ore of chromium and is the one usually employed for the manu¬ 
facture of the chromium compounds. Deposits in ltliodcaia 
and NeW Caledonia are of special economic importance, but tho 
mineral occurs also in a number of localities in Europe, Asia 
flinor, North America, and New Zealand. Chromium is widely 
distributed amongst certain" classes of rocks, f.g., basalts, in 
many bf which it occurs in small amounts. Chroinitite, 
(Fc.AIJjOj.SCYjOj, occurs as minute, lustrous crystals in the 
sand of some of the streams (Wending from the Kopaonik 
Mountains, Serbia. 1 Ccyloaite, which occurs in Western Australia, 
contains nearly 23 per cent, of chromic oxido. 1 Uvarovitc or 
chrome garnet is 3C«0,Cr,(),,35ji0,. Chromium also forms the 
colouring matter of several minerals; thus the green w«lour of 
emerald, us was shown by Vauquelin, is due. to chromium; 
whilst serpentine, pennine, chromic mica or fuehsite, possibly 
sapphire,* and other minerals owe their colour to the same 
metal. Attcmiits to imitate the unique spectra of such natural 
substances have met with partial success only. 1 

Metallic chromium is obtained by the reduction of the oxide 
or chloride; thus Deville obtained it by strongly heating the 
oxido with sugar charcoal in a lime crucible, 11 and Wiihler by 
heating chromio chloride with sine under a layer of sodium 
chloride, and treating the alloy of lino and chromium thus 
obtained with nitric acid;* it then forms a grey powder 
consisting of minute octahedral Jiigor and Krtlss obtained 

> JovAsehilwh, J/wmMi., 1*000, JO. 30; MIL Sot. front. Mau. 1012 (ISIS), 
JS. 511. 

• Himparfl, Mitt. Mug., 1020, 1*. 90. ■ Duboin, Bcr., 1808. 31, 1877. 

• Moir. Tiwm. Roy- So r. S. Africt, 101K, 7. 120. 

• Compt. rnJ., 1857, 44. 873. * Annnlt*. 1850, lit 2S0. 

' I'noi, Compl. rml., 1893, 110, 302. 
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the pure metal by this process in tin-white rbombohcdra. 1 
Magnesium and sodium have also been employed in [dace of 
metallic zinc, the first of these being specially suitable for a 
laboratory preparation. 1 If a mixture of chrojmc chloride with 
finely divided iron is heated at 700-1200°, ferric chloride is 
volatilised, and the metallic chromium remains in a finely 
divided form. 1 Another method of preparation is that of 
Moissau, 8 which consists in heating a mixture of chromium 
scsqiiioxide and carbon in the electric furnace; the first product 
contains large quantities of carbon, which is removed by first 
heating strongly with linie when the greater part of the carbon 
is converted into calcium carbide, and then eliminating the 
remainder by fusing the purified product in a crucible brusqued 
with the double oxide of calcium and chromium. 

Metallic chromium is easily prq sired from chnunic oxido 
by tho “ thermite " process (p. 737), which eonsists in mixing 
finely divided aluminium with chromic oxide in slight excess of 
the equivalent pro)motion and igniting the mixture* 

0,0, -1- 2A1 20 | AL.0,. 

When once started, the reduction proceeds rapidly with great 
ivolution of heat, and produces a fused mass of metallic 
chromium of considerable purity. 'Ibis is shown by the following 
analysis: 8 Cr 09’55 per cent., Fu Oil per cent., Hi 0-31 per cent. 

Metallic chromium finds its chief technical application in the 
form of its alloys; large quantities arc used in tho form of forro- 
chronic, manufactured by the reduction of chromite in the 
electric furnace or by means of aluminium; these ferro-chromcs 
generally contain between GO aud 70 per cent, of chromium. 
Chromium lias also been prepared by the electrolysis of a warm 
solution of chromic chloride or of a cold solution acidified with 
hydrochloric acid, and is thus obtained ns a bright silver-white 
deposit. 7 It can also bo dejKwited from the violet solutions of 
chromo alum, but not from the green solutions. 

Pure chromium is somewhat harder than glass, and has a 

1 fiw., 1889, BE. »M2. ' Ulaliel, Hrr.. 1890. 23, 3127. 

» Weber, U.8. Pat. 1373038. 

* Compt. read,, 1893, 118, 349: 1894, 1U, l(W; A**. Ckim. 1899, 
(7], 8. S69. 

• J. Sot. Ckt HI. 1*4., 1898,17, M3. • J. Irm Sir,l liul., 1902, t 186. 

1 Cowper-CoJri, CArm. Una, 1900, 81, IS; >Vroe, Bull. See, dim., 1901, 

[Sj> 25, 017; Neamann, tat KUkirodem., 1001, 7, 860; Carvel b and ulhen, 
J. nyical Cken., 1906, 9, 231, 383; Zuf. KkUndam^ 1906. 12, 329; 
Alice naay ui3 Rival. tat Bkklndem., 1913, It. 344. 
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melting point considerably higher than that of platinum, prob¬ 
ably between 1520° and 1550 J , whilst if.it contains 1-5—3 per 
cent, of carbon it melts at a lower temperature, but can be cut 
only by the diamond. It may be distilled in the electric furnace. 1 
The polished metal resembles iron, but is brighter and has a 
somewhat whiter colour: it has a density of 0-92 at 20°, a 
sjKioific heat * of 0-1080 at 00°, and burwi whell heated in the oxy- 
Jiydrogen flume more brilliantly than iron. It is attacked by 
dilute hydrochloric acid, slowly in the cold and rapidly on heating, 
and also dissolves slowly in dilute sulphuric and nitric acids. 
With concentrated sulphuric acid it evolves sulphur dioxide, with 
formation ^)f a deep-coloured solution, but It is unaffected by 
hot concentrated nitric acid; its rate of solution in acids is 
characterised by periodic variations. Chromium, like iron, has 
been found to exist in a '* jussive ” state.* Colloidal chromium 
has nlso been prepared. 8 

471 Chromium Alloy*. Uv far the most important arc those 
with iron and nickel, since they aro very jesistant to corrosion, 
cither With acids or by heating in the air. “ Nichromc ” wire of 
the average composition : 58 02 percent. Ni; 8-1 per cent. Cr; 
23—26 per cent. Kc; 0-5- 2 j>cc cent. Mn, Zn, 8 iO„ and 6-2—1 
|H>r cent, C, is largely used us a resistance wire for electrically 
heated apparatus. " HUinless steel ” is an iron-chromium alloy* 

Chromium Amaltjnm*. —By electrolysis of chromic chloride 
under suitable conditions, using a mercury cathode, a solid 
chromium amalgam is obtained having the composition lfg 8 Cr. 
Under pressure this loses mercury, yielding un amalgam of the 
composition lfgOr. When either of these amalgams is heated 
in a vacuum at 306°, the whole of the mercury is driven off, 
leaving the chromium ns a powder which is pyrojihoric at the 
ordinary temperature, and also combines with nitrogen on 
heatiug. 8 

1 Mi>i»*an, I'rimpl. rnJ., lllUO, 142, 125. 

1 Sc h libel, Ztil. anotg. C'Kcih., 1014, 87, 81. See also Jftgcr and KrOu, 
Ber., 1889, 22. 2028. 

» Hitturf, Ztil. friynfarf. ricm., Is98. 25, 720; 181K), 80, 481 ; Ontsald, 
Ztil. pAptiM. firm., 1000, 35, 33. 204; Morgan and Puff, J. Amtr. CUm. 
Soc.. 1900, 23, 331; Brauer, hit | AgtiM. Cbm.. 1901, 38, 441; Porto*, 
J. ft. Cktm., 1902, (Z; <8, 05; Bernoulli. PAftUvI. Ztil., 1004, 5, 032; Aten, 
Ptet. K. Altai. Il'rtesac*. ArndtrAnn, 1018, 21. 138. 

* Kubt Or. Pal. 197370; Seed berg, “ Utnlttnf kolloider Ut**gtn 
atttgtmiKhtr Skifft," 1909, p. 413. 

» See Jiuecka, Ztil. ZhUnthtm., 1017, 23, 49; Murakami, Sd. Ktf. 
TSAobi Imp. tMr, 1918, 7, 217 . 

* Ffib, Ctmpl. read., 1895, 121, 822. 
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COMPOUNDS OF CHROMIUM. 

Chromium and Oxygen. 

473 Chromium combines with oxygon to form the well-defined 
oxides, chromium sesquioxide, Cr,0„ and chromium trioxidc, 
CtOj. The former is a basic oxide, corresponding to the chief 
series of chromium*salts, iu which the metal is fervalcnt; Whilst 
the latter is an acidic oxide, which combines with water to form 
chromic acid, H,l'rOj, the salts of which resemble the correspond¬ 
ing sulphates, seleuutes, and tellurates, and arc frcijneutly 
isomorplnms with them. 

Jn addition to these, chromium monoxide, Crfl, and the 
corresponding hydroxide have been prepared, mini the latter 
yields with acids the chromoim salts, in which the metal is 
bivalent. A number of other oxides have been described which 
may he regarded ns combinations of one or other of the basjp 
oxides with the trioxide; the best defined of these is chromium 
dioxide, which has really the constitution IVjO/CrO,• 31'HI,, 
and will be described with the other chromates. 

Chromium Monoxide, CrO.-jAn oxide of this rimi]>ositinn is 
obtained ns a black powder by the oxidation of chromium 
amalgam by exposure to air or by treatment with dilute nitric 
acid. It cannot, however, be obtained by direct reduction of 
the semplioxide, When heated in air or when struck with a 
hammer (l inflames and burns to the scmjiihuhIc. It is insoluble 
in nitric arid, but dissolves in hydrochloric acid with liberation 
of hydrogen ami formation of chromoiia and chromic chlorides . 1 
Hy t he action of hydrogen at IOOtT it is reduced to the metal. 

Chrommu Uylroxide, (!r(ON),, is formed by the action of 
Aqueous jiotush, freed from air, on chromous chloride solution, as 
a brownish-yellow precipitate, which is readily oxidised with 
evolution of hydrogen, and on drying in absence of uir has u 
dark brown colour. 1- On ignition, it decomposes thus: 

2Cr(OH), = Cr,0, + 11,0+ II* 

Chromium Sesqiiioxide, or Chromic Oxide, Cr,0„ occurs in the 
hydrated form os chrome ochre, and is obtained artificially as a 
dull green, amorphous powder by igniting the hydroxide or the 

1 FMe, Bill. See. cAira., 1901. pj, *5. 819; lAeckrowin and Hanf. grit, 
anorg. Chcm, 1S14. 88 . 301. 8m aba fVld, J. lnd. Kng. Chen., 1S10, 8. 238. 

* Moberg, J. fr. Chen, 1848. 48. 114 : 44, 322 i Mligot. Conpt. rend., 
1844, 18. 80S, 734: Ann. Chin i. phye , 1844, (»]. 14 328. * 
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trioxide, or by heating a mixture of potassium dichromatc with 
sulphur or ammonium chloride, and lixiviating the residue. The 
colour of the oxide prepared by gently igniting mercurous chrom¬ 
ate, Hg,Cr0 4 , in a covered crucible is a very fine green. It 
melts at the temperature of the oxy-hydrogen blowpipe, solidify¬ 
ing to a crystalline, almost black mass. Chromic oxide is also 
obtained in the crystalline state by fusing the amorphous sub¬ 
stance with calcium carbonate and boron trioxide, or by ignition 
in a stream of oxygen. Wohler 1 considered that crystalline 
chromic oxide is formed by pausing the vapour of chromyl di¬ 
chloride, CrO,Cl„ through a red hot tube, but the product 
appears to contain a large though varying proportion of a 
magnetic oxide, Cr 4 0,* Another method consists in heating 
jwtassium dichromate either alone, or, better, mixed with 
common salt; the ignited mass is dissolved in water, when 
chromic oxide remains in bright, iridescent spangles, which have 
& density of G-01.* 

Tho amorphous oxide glows when heated at 500—CIO 0 ; 4 
after strong ignition it is almost insoluble in neidH, and in order 
to bring it into solution it must either be heated for a long time 
with strong sulphuric acid, or fused with potassium hydrogen 
sulphate. Tho heats of formation of the various forms of 
chromic oxido exhibit striking differences. 6 Chromic oxide is, 
used in tho preparation of coloured gloss, enamels, and porcelain, 
imparting to them a fine greon tint.' It forms one of the most 
permanent green pigments, known as chrome green; it also 
finds limited application os a catalyst. 

Chromic Hydroxides. -Pure chromic hydroxide, Cr t 0 Jp jH,0,* 
may be obtained by precipitation of boiling solutions of chromic 
salts, froe from alkali, with ammonia. Several modifications 
are known; the first, which reacts directly with three equiva¬ 
lents of acid forming the normal chromic salts, is obtained by 
the action of alkalis on cold solutions of violet chromic salts, 
and has probably the constitution Cr(OH) a . It is best prepared 

■ Altai,*, tB46, 90, 203. 

1 SihuS and Ishiwara, Sci. Rip. Tikcka Imp V*iv., 1914, 3, 271; Wedekind 
and Horn, Be ,.. 1915, «, 108. 

* Schroder, Po». <4»»„ 18$9, 108. 226; 107, 113. Sea abo Ditt*. CompL 
read., 1902,1M. 336. 

< itottuMg, Zcil. anorf. CStm., 1913, M. 163; Endell and Bieke, 2e*(r. 
Jf.«. OuL, 1914, *48; Muter, Am,,. J. Sti.. 1915, [4], 30. 289. 

* Uiitw, lee. til. 

* Weber, J. Pkpieal Clem., 1921, 96, 401, coruidsn that an indetatU 

n amber at hydrous oxldea as Ilia. v 
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by adding ammonia to a solution of a violet chromic salt free 
from alkali, and forms a pale blue precipitate, which, after 
drying over sulphuric acid, has the composition Cr(0H),,2H,0. 
When heated in a current of hydrogen at 200° it yields the hydr¬ 
oxide, CrOfOH); some water is retained eveif on long beating 
in hydrogen at 420°, 1 but at a red heat it commences to glow 
strongly and passy into chromic oxide. A hydroxide of this 
composition, or Cr 2 0 3 ,IIj0, has also been obtained os a brown 
substance by the electrolysis of neutral solutions of chromic 
chloride . 4 Another hydroxide, which bos probably the con¬ 
stitution Cr 2 0(0II) 4 , is obtained by dissolving the first-named 
hydroxide in sodium hydroxide solution and re precipitating 
with hydrochloric acid, and is also formed by the action of 
alkalis on the green chromic salts of oxy-acidR (p. 1082); when 
treated with acids it reacts with only two equivalents of the 
latter, yielding the ubove green salts, which, however, on keeping 
in contact with acid gradually combine with it, forming tlw 
normal violet suits. Another hydroxide which behaves similarly 
is formed, according lo Recoura, by the action of alkalis, on the 
chromic oxychloride obtained by oxidation of diromous chloride 
solution, It differs from the foregoing iu the amount of heat 
evolved by the action of two equivalents of acid* Whilst 
chromic hydroxide, when freshly procipituted in the cold, is 
soluble in acids, it becomes insoluble when kept or heated. 

C'uiyne^t Green is obtained by fusing together potassium 
dichromate and crystallised boric acid iu equal molecular 
proportions aud lixiviating the fused mass with water. The 
residue after grinding is a fine green powder, and is largely used 
as a pigment. It is usually described as having the composition 
Cr,0(OH)„ but it always contains boric acid, aud may possibly 
have the composition GCrjOj.BjOjAIfgO. 

CoUoM G'Arowite Hydroxide— Freshly precipitated and 
washed chromic hydroxide dissolves in aqueous chromic chloride, 
and on dialysing this solution (Iraham obtained a liquid con¬ 
taining 33 molecules of Cr 2 0, to one of HOI. If the dialysis is 
carried out with hot liquids, much purer chromic hydroxide 
sols are obtained in a few hours instead of in as many weeks at 
the ordinary temperature* The dark,green solution does not 
undergo change on boiling or dilution, but at once coagulates 

1 Mlxtar, Im. eil. * Rrw, Butt. Stc . dum., 190). (3), 86, «20. 

• Aim. Ckim. Pky., 1887, [01 10 , 80. 

* Naidla and Barah, J. Ama. Cham. 8 <k„ 1918, M. 1961; 1917, SO, 71. 

8 c* alao Waiar, loe. cU. * 
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on addition of the smallest quantity of a salt/ or slowly on merely 
keeping at the ordinary temperature. The precipitated colloid 
has no constant composition between 15° and 280°.* Violet 
and green jellies of chromic oxide can be produced by addition 
of caustic alkalib to stationary solutions of chromic salts con¬ 
taining a sufficient amount of sodium acetate/ 

Vhrumilen .—Although the solubility of clyomic hydroxide in 
aqueous ulkulis is doubtless due largely to the action of the alkali 
in converting the gel into a true colluidal solution/ it must 
depend in part on the fact that, like alumina, chromic oxide acts 
us an acidic oxide towards strong bases, yielding salts termed the 
chromites^ Thus a green compound of chromic oxide with an 
alkali is thrown down on the addition of potash or soda to a 
solution of a chromic salt, and the alkali cannot he removed 
even by boiling water. This prccipitato is, however, easily soluble 
in an excess of the precipitant, but can bo again thrown down 
either by partial neutralisation with acids or by boiling the 
solution. When caustic soda is added to a solution of a chromic 
salt and a salt of magnesium (for instinct:), a precipitate is 
obtained of a compound of magnesia and chromic oxide which 
docs not dissolve in an excess of alkali. In this w ay, “ chromites" 
or "almorption conijtounds’’ of sodium, potassium, calcium, 
iMirium, magnesium, sine, lead, iron, cobalt, nickel, copper, and 
cerium have been obtained, in a gelatinous condition, or tbeif 
existence has been indicated by physical measure maty*. Their 
eompoaition depends upon the conditions of their prcjuiratiou. 

Tho chromites may be obtained also by the action of boiling 
aqueous alkalis on tho corresponding siilphuchromitcs. 

Better defined compounds are produced by fusion of the 
appropriate oxides, by strong ignition of metallic chromates, 
and by fusion of alkali chromates or dichromates with metallic 


1 Utahan, PUL Trail., ISUI, 141. 183; Mcunier, J. Si*. LcalUr Trade* 
1921. 4. 103.. 

* van Bemmelen, Rtt. true. r Mm., 1S87, 7. 114. See »l«o Biltt, Btr., 1902, 
84. 4431; 1004, 87. 1O0A; I'aal, Btr., 1014, 17.2211; end Biclon end Linder, 
J. CUm. Soc., 1897, 7J. 072; 1/Hlcnwnor, Vbrr atorj. KathMc, Stuttgart, 
11101; Sieiroit. Z. /cl. .Vat., 1801, 18. 244; ven Bemmelen, Bit Atmrftia a, 
Broaden, 1010; Ballcoar, J. Bui. Ph/i. CUm. So r„ 1007, 89, 000; lteinitier, 
HaaaUh., 1882, 8. 240. 

' Bunco and FInoh, J. Phjfticnl CUm., 1018, 17, 700; Nagel, i4i 4., 1016, 
II. 331. 600. 

* Nagel, tor, eit., Fiaeher and Hen, ZcU. oaorj. CUm., 1002, 81, 362; 
1904. 40, 30; Bancroft, CUm. Sen, 1010,118, 113. 

* Wood and Black, J. CUm. So e„ 1010,1M. 1S4. 
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chlorides. In this way, chromites of lithium, barium, calcium, 
magnesium, zinc, copper, cadmium, manganese, iron, and cobalt 
have been prepared. 

Ferrous Chromite. , FeCrjOj.—This occurs in nature as chromite 
or chrome iron ore, a mineral of the spinel group, ll" 0 ,M"'j 0 „ 
the proportions of ferrous oxide and chromic oxide exhibiting 
considerable variation within limits. Sometimes tlio composi¬ 
tion approximates to FejCr 2 0 5 ,FejCr 4 0,; 1 and alumina and 
magnesia frequently occur ns iaomorpboua constituents. Chrom- 
ito is rarely found crystallised in regular octahedra, generally 
occurring massive, with a granular, crystalline fracture. It is 
largely used in the manufacture of “ neutral ” refraetofy furnace- 
linings. 

Chromous Chromite, CrO,Cr a O, 1 a'lf ! 0.—This is stated to be a 
reddish-brown oxide, fairly stable in dry air.* 

Chromium Tbioxiue, Chromic Acid, and the Chromatics. 

473 Chromic oxide is unchanged when heated alone In air; 
the hydroxide is not so stable^ and in presence also of certain 
metallic oxides under appropriate conditions of pressure, oxygen 
is readily absorbed,’ A mixture of chromic acid with nn alkali 
or alkaline earth can be completely oxidised by oxygen at a red 
heat, whilst if oxygen is supplied to the alkali-fusion in the form 
of potassium nitmte or chlorntc, tho reaction takes place even 
more readily, yielding a yellow, soluble mass of an alkali chromate. 

Alkaline solutions of chromic salts are easily oxidised to 
chromates by chlorine, bromine, hydrogen peroxide , 4 persul¬ 
phate*, and a number of other oxidising agents: 

CrjOj + 10KOH + 3Bij = 2K,CrO t -]- CKBr -f 511,0. 

Acid solutions arc also susceptible to oxidation, though less easily, 
by potassium permanganate, lead dioxide, manganese dioxide, 
ceric nitrate, and particularly by persulphate *. 4 

Electrochemical oxidation of chromic salts can be so success¬ 
fully carried out that this method is now largely used for the 

1 fJiriitamsnos. Btr,, 1877. 10, 343. 

• Mobsrg, J. fr. Ouv>., 1843, 00. 178; Tdignt, Com*, rtwt., 1844, 1*. 
909, 734; Am. CAim. /%«., 1884, [3], IS, 5*8; Bsugf, Com*, rni„ 189s. 
107, 881- 

J Millbsoer, Cktm. Zeit., 1918, 40. 887. 

• Bourion sod Smfchsl, Com*, read., 1919, 100, 80, 80. 

• SsJingsr,* Zeit. anerj. CAns.,'1903, M, 342. 
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commercial regeneration of chromate solutions from the chromic 
salts into which they have become converted. 1 

The chromates are usually yellow, yellowish-red, or red in 
colour; basic salts are known, but acid salts do not appear to 
exist. The salts frequently termed acid salts are dichromates 
corresponding to the disulphates (pyrosulphates), and are salts 
of dichromic acid, H 2 Cr,0,. Trichiomate^ and other poly- 
chromatcs are also known. 

Chromium Trioxide or Chromic Anhydride, CrO a .—This com¬ 
pound is formed by tho action of strong sulphuric acid on solu¬ 
tions of tho chromates. According to Zettnow * the beat yield 
in obtained when 300 grams of potassium dichromate arc mixed 
with 000 c.c. of water, 420 c.c. of concentrated sulphuric acid 
added, and the mixture in kept for twelve hours in order that tho 
potassium hydrogen sulphate may crystallise out. The mother- 
liquor is then heated to 80° or 90°, nnd 150 c.c. of sulphuric acid 
are added, together with enough water to dissolve the crystals of 
trioxide which at first separate out. After twelve hours the liquid 
is pourtd off from the crystals which have separated, and a second 
and a third crop may be obtained by concentration. The liquid 
is drained from the crystals, which aro then washed on a pumice- 
stone or asbestos filter with pure nitric acid, of density 1-46, the 
adhering nitric acid being removed by passing n current of dry 
air over tho crystals heated in a tube at 60-80°.* 

Chromium trinxido may also bo obtained by the action of an 
excess of nitric acid of density 1-38 on barium chromate, the 
barium nitrate being separated by crystallisation. 4 

Chromium trioxide exists cither as a red, woolly mass or as 
lustrous, scarlet, rhombic priams; it has a density of !b78, and 
melts* at 198" to a dark red liquid, which Bolidifies to a reddiBh- 
black, crystalline mass, having a metallic appearance. At 
about 420° it is completely resolved into oxygen and the 
sesquioxide.* 

Chromium trioxide is eaaily converted into chromic oxide 
by reducing agents, such as sulphur dioxide, hydrogen sulphide, 
stannous chloride, areenioua oxide, ferrous salts, zinc, eto., and 
many organic compounds also act in the same way. Thus if 

1 Ailenuy ud Unit fc»t ISIS, 19, 344; Boehringer, 

tier. PM., 261S94; Zeif. blthncbtm., 1813, 18, 248; Goldberg, Ger. P«t„ 
303165. 

1 Puff. Ann., 1871,148, 471. * Budko. Aonalrn. 1868,148, 290. 

1 DuvilUer, CompL mi., 1872, 78, 711. 

* Jwgor ud Germj, Ztil. anorg. 0mm., 1811,118,145, 

• Hondo ud Son#, Sci. Rip. TUotu Imp. t'»ir., 1914, 8,123, 
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strong alcohol be dropped on to the dry trioxide reduction takes 
place with incandescence; paper, sugar, oxalic acid, etc., also 
reduce the solution of the trioxide, especially on warming. 
When the trioxide is heated with aqueous hydrochloric acid, 
chlorine iB liberated, the dry gas yielding *chromyl chloride 
(p. 1070), and when heated with sulphuric acid it decomposes 
with evolution oftoxygen. The aqueous solution of chromium 
trioxide as well as its solution in glacial acetic acid is often used 
in organic chemistry as an oxidising agent. Still more com¬ 
monly, a mixture o( potassium dichromate and dilute sulphuric 
acid is employed lor this purpose, in which case chrome alum » 
obtained as a by-product. Chromium trioxide dissolves without 
alteration in cold dilute alcohol and pure ether, and it ie soluble 
also in concentrated sulphuric acid, apparently 1 with formation 
of the compounds CrO^SOj and Cr0 s ,S0j,H,0, but least in acid 
containing 16-17 per cent, of water. It deliquesces in the uir, 
forming a brown solution which on dilution with water becomes 
yellowish-red. This dyes the skin, as well ss silk and wool, a 
yellow colour, and presses an acid and astringent tasttp 
Chromic Acid, H,O0 4 .~The existence in the solid condition 
of normal chromic acid has Ifcen asserted by Moiasan . 2 From 
the conductivity, molecular refractivity, and molecular solution 
volume it has been concluded 1 that solutions of chromium trioxide 
contain only dichromic acid, 11,0,0,; on the other hand, CoBta * 
and Uelyi 11 consider that both chromic aud dichromic acids are 
present in a state of equilibrium. Jt is observed that in very 
dilute solutions, chromic acid, dichromate*, and chromates have 
identical colour; the hydrolysis H,O,0, 11,0s*211,00, 

is then regarded as complete; more concentrated solutions 
contain both chromic and dichromic acids, whereas further 
increase of concentration or temperature apparently dehydrates 
the molecules, forming trichrmk acid, H t O,O w , and tetra- 
chromic acid, H,O,0„, the salts of which may be rej>re*ented 
as (M’0)O0,0-Cr0, 0 O0,(0M') and 

(M'0)00 l 0-Cr0 l 0-00,000,(OM') 

respectively. 

• Oilbrrt, Buckley ud Mwon, J. Clem. See., 1911,1*1, 1914; Meyer end 

SUteciny, Ztil. atmy. Clem.. 19 SS, 122, 1. * 

1 Homm. Campt. rend., 1884, 98, 1681. 

• OtimM, Zeit. pAym’fal. Clem., 1888, 2, 78; DatU end Dher, J. Amtr. 
Clem. Soe „ 1916, 88. 13(0. 

‘ Cost*, 0<ux., 1906. 81. ■.. S36. 

• Dehn, i. Amet. Clem. Sec., 1914. 88 . 629; Dier, Zeit. enerf. CJn»„ 1921. 
1*1.99. 
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Chromic acid, CrOjfOH),, in its chemical properties resembles 
sulphuric acid, and the normal salts are. usually iaomorphous 
with the corresponding sulphates; similarly, dichromic acid 
corresponds to disulphuric (pyrosolphuric) acid. 

Jty direct solution of metals 1 or by reaction with bases, there 
are produced the normal chromates and dichromates, of which 
potassium dichromate is the most important. I 
Normal Potassium Chromate , K a Cr0 4 , is obtained by the 
addition of potassium hydroxide to a solution of the dichromate, 
evaporation yielding yellow, rhombic pyramids which are iso- 
morphous with potassium sulphate. Potassium chromate has a 
density of J7I at 3-9°, and does not undergo alteration in the 
air. On heating to GCC" it is converted into a second modifica¬ 
tion; it becomes red-coloured, and melts at 978° without 
decomposition, solidifying on cooling to a crystalline mass. It 
dissolves in water with a yellow colour which is perceptible even 
when very small quantities of the substance are present, one part 
of the salt imparting a distinct yellow tint to 400,000 parts of 
water. .One hundred parts of water dissolve* at 

—Il‘4*» 0” .10“ , 80" 105-C't 

84-67 57-11 115-13 74-dt) 88-8 parts. 

• Cljrohyilrie jaiint. t Boiling jwist nf net unOel solution. 

The salt lias a bitter, cooling tasto and on alkaline reaction. 
On cviqioratiiig its solution, red crystals of the dichromate arc 
first deposited and afterwards the yellow crystals of the normal 
salt. It is decomposed by all acids, even by carbonic acid, with 
formation of the dichromate. It is insoluble in alcohol. 

Potassium Dichromate, or Bichromate of Potash, K,Crfi v 
serves as the starting point for the preparation of almost all 
the other chromium compounds, and is prepared on the large 
scale from chrome iron ore. 

Up to the year 1820 potassium dichromate was used only 
for the purpose of making chrome yellow, and was prepared 
by the calcination of chrome iron ore with costly saltpetre. 
In the above year Kochlin introduced potassium dichromate 
into the process of Turkey-red dyeing, and it was soon employed 
for” a variety of other purposes, especially in wool dyeing. In 
its preps ration, potashes were employed instead of saltpetre, 

* See ran Kama and Hilt, Amt r. J. 3d., 1918, [«], 48, 901; 1918, (4], «, 
M. » 

1 Koppel and Blnmatbal, lot. not). CKm„ 1901, & 289. • 
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and the chrome iron atone was oxidised in reverberatory furnaces 
by means of atmospheric oxygen. An important improvement 
was made in the process by Stromeyer by the introduction of a 
certain quantity of lime together with the pqtash. Not only 
was a saving of alkali thus effected, but the oxidation was 
rendered easier, inasmuch as the whole mass did not fuse, and 
therefore remained! porous and more capable of absorbing* the 
atmospheric oxygen. The chrome iron ore is first roasted and 
•l l parts of the finely ground ore aro mixed with 2J parts of 
potassium carbonate and 7 parts of lime. This mans after drying 
at 150° is heated to bright redness with an oxidising flame, the 
whole being constantly stirred. At the end of tin* operation 
the charge is withdrawn from the furnace, and, after cooling, is 
lixiviated with the minimum amount of hot water. If calcium 
chromate be found iu solution, a hot saturated solution of potass¬ 
ium sulphate is added, when the calcium is thrown down us 
sulphate and potassium chromate remains in solution. Hie 
liquor is next treaty with the requisite quantity of sulphuric 
acid, diluted with twice its volume of water, to convert the 
chromate into dichromate, and allowed to cool. The solution of 
chromate saturated at 16° contains nearly 1 ]>art of salt to 
2 parts of wafer, whilst the dichromate requires 10 parts of water 
for its solution; hence when the saturated solution of chromate 
is converted into dichromate, a precipitate of about 75 ]m*t cent, 
of the dichromate is formed on cooling. The precipitate is 
collected and recrystallised. The mother-liquor, which contains 
potassium sulphate, is used to lixiviate another portion of the 
roasted mass. 

An important modification of thia procedure consists in tho 
manufacture of sodium dichromate (p. 1065) by a similar process, 
and the final conversion of this into the jmtassiura salt. 

This salt may be produced also by electrolysing a solution of 
potassium hydroxide or a potassium salt, using an anode of 
ferrochrome. 1 

Potassium dichromate crystallises in splendid garnet-red 
tablets or prisms belonging to the triclinic system, having a 
density of 2-692 at 3-9°. It melts at 396°, forming a transparent, 
red liquid, which when slowly cooled 'crystallises in the same 
form as from aqueous solution. It is unchanged in the air, 
and decomposes at a white heat into oxygen, chromic oxide, 

' Lortfu, it it. antrg. Chtt*., 189S. 12, 3B6; C. F. CSnboim-Hoktron, 
G«r. Ftt.,-iA3». 
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and the nonual salt. One hundred parts of water dissolve 1 
at 


—0-03° * 0“ 

4-50 . 4-64 

♦ (Vyohyilric point. 


30° 60° 104 1 8* j 

18-09 46-10 106-2 parts of salt, 

t Bulling point of eataroted solution. 


Potassium dichromate has an acid reactioh, a cooling, bitter, 
metallic taste, and is insoluble in alcohol; it acts as a powerfuj 
poison, probably on account of its oxidising properties. The 
commercial salt is usually almost chemically pure, and is 
employed for the preparation of other chromium compounds, 
os a reagcflt, and os an oxidising agent, os well as being largely 
used in dyeing and calico-printing. 

A film of organic matter saturated with a solution of potass¬ 
ium dichromate acquires a dark colour on exposure to light 
owing to a reduction to chromic oxide taking place, and a solu¬ 
tion in gelatin is used as a "sensitive agent in the Autotype 
and other similar photographic printing processes, commonly 
referred to as “ carhon printing." These processes depend not 
merely upon the de-oxidation of^the dichromate, but also upon 
the fact that this reduction renders the gelatin insoluble in,’ 
and non-absorbent of, water, so that those portions of the gelatin 
film which have been acted upon by the light remain unchanged 
when the film is immersed in hot water, whilst those parts which 
have been protected from tlm action of the light dissolve away 
entirely. A film is thus obtained in which the various shades 
of the original negative are represented by deposits of varying 
thickness of the insoluble gelatin, which can be coloured with 
a wido rango of pigments; in this way the red or blue chalk 
drawings of the old masters can be reproduced with remarkable 
accuracy. 1 

Potassium dichromate forms a double salt with mercuric 
chloride, K a Cr,0 7) HgCl t , which separates in red, well-developed, 
rhombic crystals. 

Potassium Tririromate, K,Cr,O, 0l is formed by the action of. 
chromic acid solution on the diebromate, but is best prepared 
by boiling the dichroroate with nitric acid of density 1-19; on 
cording, potassium nitrite separates almost completely, and 
the decanted liquor then deposits the trichromate in deep red, 

1 Koppcl ted Blataenlbtl, Zcil. anory. Clem., 1907, M, 402. 

1 for t tall tod interesting deroription of there p r oeerrer, m Abney'* 
Tmhte m PMofnfhg. fLmgmtae.) ' 
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monoclinic prisms of density 2-648. It is decomposed by hot 
water into chromic acid and the dichromate, and cannot there¬ 
fore be recryetallised in this manner. 1 

Potassium fetraehromcUe, K,Cr 4 0 l3 , is obtained by heating the 
dichromate with nitric acid of density 1*41, and separates out 
on cooling in brownish-red crusts consisting of small, rhombic 
plates. It has a density of 2-649, and, like the trichnxuatc, is 
decomposed by water into chromic acid and the dichromate. 

Normal Sodium Chromate, Na t CrO 4 ,10H,O, is obtained by 
direct oxidation of chromite in presence of lime and soda (p. 1059), 
by fusing chromic oxide and sodium nitrate together, and evapor¬ 
ating the solution at a low temperature, or by allowing a solu¬ 
tion of potassium chromate saturated with soda to evaporate 
at 0°. However, the only method of obtaining the pure salt is 
by addition of sodium carbonate to a solution of carefully purified 
sodium diebromate. The salt is deposited in deliquescent, 
transparent, yellow prisms, isoniorphmis with (flauber's salt. 
IVlien the solution is heated to above 65° the anhydrous salt 
separates out. It has an alkaline reaction, and a bitter, fhrtallic 
taste. Hydrates containing ^H,() and 611,0 have also been 
obtained. 2 

Sodium Bichromate, Na,Cr,0,,211,0 crystallise* in thin, 
triclinic, yellowish-red, deliquescent prisms. This salt is now- 
manufactured on a large scale, since for many technical purposes 
it can replace the more expensive potassium salt. It is much 
more soluble than the latter, and for this reason is used os a 
depolariscr in chromic acid cells in place of the potassium salt. 
Above 83", aqueous solutions deposit the anhydrous salt, a deli¬ 
quescent substance which melts at 230° and decomposes at 
400°. 

Tho following salts are also known : sodium tnchromate, 
NajCrjOu.HjO, sodium teirachromate, Ka,('r 4 O u ,411,0, and a 
basic chromate, Na 4 0r0 s ,13ir,0. 

Ammonium Chromate, (NH 4 ),Cr0 4 .—This salt can be obtained 
pure only from solutions containing excess of ammonia, as it 
readily loses the latter, forming the diebromate. It is obtained 
in golden-yellow, monoclinic needles by gently wanning pure 
chromium trioxide with a quantity of ammonia just sufficient 
to dissolve the chromate formed, and cooliDg the solution in a 

< JIger and Kniaa, Ber, 18S9, S, 2038. 

1 Salkomki, Ber., 1901, 81 194?; Richards and Kelley, /. Amer, Chm. 
floe, 1911, 88. 847. 
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freezing mixture. One hundred parte of water at 30° dissolve 
404G parts of the salt. The dichromate, (.NH,),Cr 2 0,, ia readily 
obtained by adding the requisite quantity of chromium trioxide 
to ammonia, and, separates out on evaporation in orange-red, 
monoclinic crystals of density 2-3G7. At 30°, 47-17 parts dissolve 
in 100 parts of water, The substance is stable in air, even at 
100 °,-but on ignition it decompose* into nitro^n, water, a bulky, 
leaf-like mass of chromium sesquioxidc, and generally a little 
ammonia. This salt forms a number of crystalline double salts 
with mercuric chloride . 1 

The tridumale and tetraehroninte have also been prepared. 

'ChronwMi, dichronmtes, etc., of the other alkali metals are 
known, ns well as a number of double salts; these are formed 
not only amongst the alkali chromates themselves, and between 
the alkali chromates and chromates of other metals, but also 
between the alkali chromates and mercuric chloride and cyanide. 

474 Most of the other metals form chromates or basic chromates 
which aro for the most part coloured substances insoluble in 
water, rtiany of which arc largely used as pigments. The most 
important of those aro tho following: 

Copper Vhromatei.- Co}iprr Dichromalc, CuCr,0,,2H t 0, is ob¬ 
tained by tho action of concentrated chromic acid solution 
on copper hydroxide. It forms blackish-brown, deliquescent 
crystals. The solution when boiled deposits the basic salt 
Ci]jCrO|,21l a O a as a brown precipitate, which is also obtained 
when boiling solutions of normal potassium chromate and copper 
sulphate are mixed; cold solutions, on the other hand, yield a 
double salt. The mineral vauquelinitc, (Ou,rb) a CrjO„ occurs 
in small, glistening, monoclinic crystals or earthy masses, together 
with ciocoisitc. Normal copper chromate, CuCiO,, forms mixed 
crystals with copper sulphate. 

Silver Chromate, AgjCrO,, is obtained as a brick-red, amor¬ 
phous precipitate when a solution of potassium chromate is 
poured into excess of a concentrated solution of silver nitrate 
either cold or hot.* It is formed when silver dichromate is 
boiled for a long time with water as a deep green, crystalline 
powder , 4 which is insoluble in water, but dissolves with some 
difficulty in sulphuric heid, nitrio acid, or ammonia. The 

1 J*g« »nd KrtU». Ber., 1869. 22. 8M7. 

• Geiger, tfowhi., 1903, M, 493. • Autenratb, Ber., 1902, 88. 2067. 

• HKgOKrhes, Zeit. auer J. GW, 1904, 41, 68; 190S, SL 231; KBhler, 

iM.. lfll8, 98, 207. * 
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solution obtained by dissolving silver chromate in as small a 
quantity as possible of warm ammonia of density 0-04 deposits 
ammonio-silver chromate, Ag 2 Cr() 1 ,4NH J , oil cooling in long, 
yellow needles 1 which by heating yield green silver chromate. 

The red chromate may be converted into tie green form by 
heating in an atmosphere of carbon dioxide (Autenriotb). 

Silver Dichromate, Ag 2 Cr 2 0,, is obtained by the action of 
potassium dichromate on silver nitrate in sirid solution; it forms 
small, red, triclinic crystals, and is decomposed by boiling water 
into chromic acid anil normal chromate. It is also obtained by 
wanning silver chromate with dilute nitric acid.* 

Barium Chromate, lkCr0 4 , is a yellow prwipitat#, insoluble 
in acetic, but easily soublc in nitric, hydrochloric, and aqueous 
chromic acids. From the lust solvent, the suit BaCr s O ; ,tilUO 
may be obtained in yellow, stellar needles, which are decomposed 
by water with separation of the normal salt. Barium chromate 
is used as a pigment under the name of yellow ultramarine iff 
lemon chrome. It is, however, now very little used, as the lend 
chromates have a brighter colour and more body. • 

Zinc. Chromates .—Potassium chromate gives with ziur sulphate 
u yellow precipitate of basic zfhc chromate, Zn t (0Jf) l l , r0 4 .H x 0. 
A similar compound, ^Zn^OilJ/H^.ifjrt, is formed when zinc 
carbonate is heated witli a solution of chromic acid. The normal 
chromate and dichromatc have also been prepared. 

If a sa|f or oxide of zinc Is tailed with potassium dicliromate 
the yellow compound, Zn 4 (011) # Cr<) 4 , is precipitated. 

The chrouiaU) obtained by the addition of a lint neutral solu¬ 
tion of zinc sulphate to potassium chromate forms a stable 
yellow pigment sold under the name of Zinc yellow or Buttercup 
yellow. 

f-ead Chromate, Pb('r0 4 , occurs as crocoisitc in translucent, 
yellow, monoclinic prisms, having a density of C-'J to (H. The 
mineral is found in Siberia, in the Urals, Brazil, Hungary, and 
the Philippine Islands. Crystals of somewhat higher density are 
artificially obtained when lead chloride is strongly heated with 
potassium chromate, as well as when solutions of lead acetate 
and normal potassium chromate are allowed slowly to diffuse 
into one another.’ A bright yellow precipitate of the normal 


1 MulbmuiD, Brr , 1889, 22 . 2001. 

• Autenrirtb, Be r„ 1902, 35. 20S9; BhtrtJI, J. Aw. CW Soe., 1IKI7, 
29 . 1641 j Spttataky, CW Ztntr., 1914, U. 370. 

* UrcFflnufnn, AnnaUn, 1853, 97, 121. 



10S8 


CHEOMTCtf 


• # 
chromate is obtained when a solution of a lead salt is precipi¬ 
tated with potassium dichromate. The reaction PbS0 4 -[- 
K,CrO, PbCr0 4 -}- Kj>S()| is practically complete, and can 
lie used 1 for the manufacture of tho normal salt, which is known 
as chrome yellow, Paris yellow, or Leipsig yellow, and is largely 
used as a pigment. It is insoluble in water, but is readily dis¬ 
solve by nitric acid and potassium hydroxide solution. When 
strongly heated it fuses to a brown liquid, which on cooling 
solidifies to a crystalline mass.* Since lead chromate at a red 
heat oxidises all organic substances, it is frequently employed 
in organic analysis, especially in the case of bodies which contain 
chlorine, sulphur, etc. The chrome yellow of commerce often 
contains admixtures, especially lead Bulphato. This, however, 
is not alwuys to be considered as an adulteration, and it is used 
for the preparation of a light shade. This is termed Cologne 
yellow, and is obtained by the precipitation of a mixture of the 
Tlilrutos of lead and calcium with a mixture of sodium sulphate 
and potassium chromate, or moro generally by heating lead 
sulpliuto with u solution of potassium dich'romate. 

Calico is printed or dyed with chroriie yellow by first mor¬ 
danting the cloth with a solutioA of a lead salt, and afterwords 
steeping it in one of u soluble ehronmte, 

iksic JavJ Chromate, Pb,('rO s , is known iu commerce as 
chrome nil and is obtained as a fine red jiowder by digesting 
cliromo yellow with cold sodium hydroxide solution,.boiling it 
with a solution of normul potassium chromate, or fusing it with 
]H)tussium nitrate. Another basic salt, l’li,0r,0,, occurs as the 
mineral phtrnicito, in liyaeintb-red crystals of density 5-75; 
llie suit dPbO.l'rOj.UjO is known, as also 8 arc l*b 4 CrO, and 
rb,Cr,0„. 

fly making a suitable mixture of chrome yellow and chrome 
red, or by modifying the process of manufacture so as to obtain a 
mixture of these, pigments of any shade between the two may be 
obtained. These are known commercially as chrome orange. 

Lead dichromatu and the chromate and dichromate of quad¬ 
rivalent lead have been prepared by an electrolytic method, 8 

1 Milbauor and Kuhn, hit. phpiilal. firm.. 1910, 01, 410. 

1 Jaeger nod Gonna, ZtH. tutory. Ctem., 10*1, 11®, 14G, find tbat lnd 
ohmmate is trimorphoun; Iha a-fonn ia liable below 707”, the fl-form between 
707’ and 7H3’. and the yfona above 7M”, malting at about 841° with 
evolution of oxygen. 

* Jaeger and Germa, be. til. 

* IJlbe and Ndbling, ttiL SldOndtem., 1903, 9, 776. See. alao Bayer, 
Bet., 1903, as. 1740; Col, Ztil. nory. CW, 1906, M. 2*6. 
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BwmtdA Chromale .—Normal btmutf chromate is unknown, 
but a number of basic salts have been described. By addition 
of potassium chromate solution to a solution of bismuth nitrate, 
the compound KjO.BijOjACrQ, is obtained as a yellow precipi¬ 
tate; on boiling this with water, the compound Bij0 3 ,2Cr0 3 
or bimmthyl dkhromate, (BiO),Cr 8 0 7 , is obtained as orunge- 
yellow crystals, insoluble in water. 

Chrmnic Chromate, Cr t 0 3 ,Cr0, = 3(’rOj.—This compound, 
also known as chromium diozide, is formed when chromic nitrate 
is gently heated, or when a solution of chromic oxide in nitric 
acid is evaporated to remove excess of acid and the residue 
dissolved in water and treated with ammonium hydroxide. 1 
It is likewise prepared by the partial reduction of the trioxide, 
and by the precipitation of a chromic salt with a soluble chromate. 
The brown powder thus obtained is easily soluble in acids. 
Alkalis precipitate chromic hydroxide from its solution, whilst a 
chromate remains in the liquid. If chromic chromate bo washelf 
for some time with water, it is decomposed into soluble trioxide 
and insoluble seaquioxidc; for these reasons the substance is 
regarded as a chromate. When nitric oxide is jiassed into a 
tolerably concentrated solutionbf potassium diehromate, chromic 
chromate is obtained as it dark brown precipitate, which dries 
at 200“ to form a black, hygroscopic powder, and this, when 
heated in a current of hydrogen chloride, yields chromic oxide, 
water, aiyl chlorine. 

A hygroscopic black powder has also been obtained by Manchot 
and Kraus * by heating chromic hydroxide in a current of 
oxygen. This contains a little water, which it gives oil at a 
rod heat along with some of its oxygen; chromic, oxide remains. 
When washed with water, no chromium trioxide is obtained, 
and these investigators therefore consider it to be a dioxide, 
CrOj, and not chromic chromate. 

When the vapour of chromyl chloride is passed through a 
red hot tube, violet, translucent prisms, having the composition 
Cr 6 0, (i.e., 2Cr t 0 3 ,CiO J ) J are obtained. These are magnetic, 
and on ignition are gradually converted into chromic oxide.* 

An oxide of the formula 0,0, (i.e„ 0,0 3 ,200j) has been 

1 JoviUchilacb. Heh>. Chim. Aria, 1920, & "40. See also Hootaa, Pnx, 
"hm. Sot., 1908, Si 27 ; Ogata, J. Pkarm. Chin., 1910, |7J, li 144. 

‘ Btr., 1900, 89, li02. Be* also Meerburg, Zal. anorg. Chtm., 1007, 
AS!. 

* Genther, Annaka, 1801, US, 01; Bond and Iibiwara, Sri. Keg. Tikotv 
tmp. On in, 1914, & 271. • 
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described as being the product ol the ignition of the trioxide 
between 600° and 51 O' 1 . 1 

A number of crystalline double chromates have been described 
which have tho general formula M' t M"((’r0 4 ) Sl GH.0, where 
M' is K, Rb, Nh 4l or Ca, and M" ia Ni, Mg, or Cd, as well as 
ammoniac*] double chromates of the formula M',M"{Cr0 4 )j,2NII,, 
where M' is K or NIf 4 , and M" is Cu, Zn, Cci, Ni, or Co. 1 


JUUHIEN AND AmIUO-DERIVATIVES OF CHROMIC ACID. 

475 Chromyl Dijhwritlv, CrO,Fj.—Tills substance was first 
obtained by Unverdorlien by the action of sulphuric acid on a 
mixture of lead chromate and fluorspar, and was regarded by 
him as chromium hexafluoride; Olivcri 1 lias, however, character¬ 
ised it as chromyl fluoride, derived from chromic ucid by tins 
replacement of the two hydroxyl groups by fluorine. Ruff's 4 
attempt to obtain a substance of definite composition by this 
method, or, better, by substituting fluorosulphonic acid for 
calcium fluoride and sulphuric acid, and a mixture of potassium 
di oh ruinate and chromium triuxido fur potassium diehromatc 
alone, was, however, nnauceess/ul. The substance is obtained 
as a red gas, condensing in a freezing mixture to a very volatile, 
blood-rod liquid which attacks glass, and is converted by the 
moisture of the air into chromium trioxide and hydrogen fluoride. 

fhimrknmie nrtVf, is unknown in thefae state, 

but its )xAamiim salt ia formed by beating potassium diehromatc 
with hydrofluoric acid in a platinum vessel; it crystallises ill 
red, tetragonal pyramids, which are soluble in water, but the 
solution decomposes on boiling into potassium diehromatc and 
hydrofluoric neid. Thu ammonium salt is also known. 

Chromyl l>ichloride, CrO,('lj, appears to have been discovered 
by Thomson 6 ; it was also investigated by Berzelius,* Dumas, 7 
and Wohler.' It is prepared * by treating a dry, finely divided 
mixture of five parts of common salt and eight parts of potass¬ 
ium diehromatc with fifteen parts of fuming sulphuric acid 

1 Sl.'jk.i*, Compi. rtnd., 1008, 146. 130ft. 

» Brings, Joum. firm. Sor„ 1003, 83, 1391; I0W, 85, 072, 877. 

• OKveri, Cdii., sso, 16, 2». * Rnfl, Brr., 1014, 47 , 6511. 

* Phil. Tram.. 1827, 117 , 151). : Brr.. Jahretbtr.. 1827, 5 , 12S. 

> -las, Chim. Phyt., 182U, |2|. *1, 433; Waller, Hid, 1837, [2J. 68, 387. 

■ Pan- -4»»- 1834, 33. 343. 

1 Motel ud Gomcx, ZtH. jthyriLal. Chem., 1912, 80. 519; Anal. Fit. 

1914, 12, 141 • 
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added in small quantities, and finally gently wanning the mixture; 
in order to remove free chlorine, the distillate is repeatedly 
rectified in a current of carbon dioxide. It is also formed by 
heating chromium trioxide in a current of hydrogen cliloride, 
when it distils over, and an oily liquid remains which has been 
thought to be chtorochrouiic acid, (TCrO t OIf. It may readily 
be obtuined by dissolving chromic acid in concentrated hydro¬ 
chloric acid, and adding sulphuric acid to the cooled liquid in 
small quantities at a time. The heavier chromyl chloride is 
then run ofl, dry air is blown through, and the liquid distilled. 1 
It may also Ijo obtained 1 in 80 per cent, yield by addition of 
acetyl chloride to a solution of chromium trioxidiy in carbon 
tetrachloride. Chromyl dichloride is a mobile liquid of a 
splendid bluod-rcd colour by transmitted, and nearly black by 
reflected light. It boils at 110-7°, and has a density at 25" of 
The molecular weight of chromyl chloride, determined 
by the usual methods, gives values corresponding to the alow 
formula. It alisorbs chlorine readily, dissolves iodine, and when 
dropped into water it remains unaltered for a few seconds, but 
is afterwards decomposed with violent ebullition into chromic 
and hydrochloric acids, When brought into contact with 
phosphorus it explodes, whilst it takes fire in contact with 
sulphur, hydrogen sulphide, ammonia, alcohol, and many other 
organic Isalies, and when diluted with acetic acid or carbon 
tetrachloride acts as an oxidising and chlorinating agent upon 
hydrocarbons. With phosphorus halides it yields additive 
compounds.* When chromyl dichloride is heated in a closed 
tube to ISO" fur three or four hours, Irichnmujl chloride, Cr,0 4 ('l,, 
is former! ns a black powder, which deliquesces on exposure 
to the uir; s another solid oxychloride is stated to have the 
composition (CrO,) 4 Cl 4 * 

Hrmuine and iodine do not form analogous chromyl derivatives; 
a bromide or iodide, heated with sulphuric acid and jwtasniiim 
dichromate, yields free bromine or iodine. This reaction is 
made use of for the detection of chlorine in presence of bromine 
or iodine; if chlorine be present the substance, when heated with 

1 Ij*w and Perkin, Joun. Chen. Soc., 1807, tl, 181. 

■ Fry, J. Amtr. Cheat. Sec., 1911, S3, 807. • 

' Mules and Gomes, foe. cif. See also Thorps, Jour a. Clem. Soc., 1880, 
W, 327. 

‘ Fry and Donnelly. J. Amtr. Chem. Soe., 1818, 38. 1923; 1018. 40, *78. 

* Thorpe, Joun. Chem. Soc,, 1870, 23, 31. 

• Pates], Som/L read., 1909,148, 1483. s 

VOL. H. (It.) * 
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potassium dichromate and sulphuric acid, yields chromyl chloride, 
which is converted- by water into chromic acid, which may be 
recognised by the usual teats. 

Chlmochimic atid, Cl , CrO,"OH, analogous to chlorosulphonic 
acid, is unknown, but its potassium salt is formed 1 when three 
parts of potassium dicbronintc are gently heated with four 
parts of concentrated hydrochloric acid and a small quantity 
of water, or when chromyl dichloride is added to a saturated 
solution of potassium chloride r 

CrO,(1 t 4- KC1 -h H,0 = KCrO,Cl 2HC1. 

It crystallises in flat, red, rectangular prisms, having a density 
of 2"l!i7. The salt is partially decomposed by water, but may 
be rccryxtullised from water containing hydrochloric acid, or 
from glacial acetic acid. It decomposes at 100“ with evolution 
of chlorine.; 

4Cr<V(JK)U = Kfr.fi, + Cr.O, 1- 2KC1 + Cl, 4- 0 a 

Otto chlorochromate* have been described, 2 as well os 
potassium liromo* and iodo-clmmmtcs. 

Amidachromic arid, NH,'Cr()j OH.—It is doubtful whether, 
by the action of dry ammonia on chlorochromatcs in solution 
or suspension in urganio media, salts of amidochromic acid are 
formed, as has been suggested;* liquid ammonia, however, 
appiruntly leads to the formation of salts of imidochri/mic acid, 
NI1:(V0(0H) 3 .* 

Perckromic Acid and the }’mhromaltj.—\ deep indigo-blue 
coloured solution is obtainod when hydrogen peroxide is added 
to an aqueous solution of chromium trioxide, or to a solution 
of a chromate acidified with sulphuric acid, if the freshly 
prcjiarcd solution be shaken with ether, this liquid takes up 
the jierchrouiic acid and becomes of a dark blue colour. The 
ethereal solution is more stable than the aqueous solution, but 
on evaporation it leaves a residue of chromium trioxide. The 
same decomposition is efleeted by alkalis, a chromate being 
formed with evolution of oxygen. The colouring power of 

1 Nligol, J. Pimm., ISM, 19, 301. 

« POUgol. Am. Ckm. PS ft. IB33, [2J. 88. 267; prselortm, Auultn, 1880, 
801, I; LoewentlisI, ZtiL eworp. Che si.. 1804, 8. 185. 

* Hplntn-, J. pe. Chtm i., 1871, (2], 8,212; L«wentluJ, for. «•(. j W'yronbofl, 
Roll. So r. r him., 18W. |3J. 11, 848; Warner sail Kirin, Zfit. aim,. Chtm., 
1895. 8. 281; Beyer ud Bolt, Aid.. 1900, 88, 192, 

1 Ruenhelin ind JlrotscAn, Ztit. aw,. Chtm., 1900, 80, 297. 
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perchromic acid is so great that its formation is employed os 
a most delicate test, Jjoth for chromic acid and for hydrogen 
peroxide. The deepest coloration is produced when two mole¬ 
cules of hydrogen peroxide arc used to one molecule of chromium 
trioxide. The constitution of the substance thus formed is as 
yet uncertain. It has been variously regarded as Cr,0 ; ,i] 
CrO„3H 2 0, 2 CrOj.HjOj* aud 2HW) 4 .1W «tc. By.'the 
action of sodium peroxide on a thin paste of chromic hydroxide 
and water Hauasennatm 5 obtained a sodium salt having the 
composition Na^rrjOjj.SSIIjO, which would be the salt of an 
acid derived from the anhydride CrO a . When this salt is treated 
with sulphuric acid, the characteristic blue colour is first pro¬ 
duced, but oxygen is soon evolved, and chromic sulphate remains 
in solution, Salts of a perchromic acid, IfCrO,, [O 3 Cr 0'(Olt), 
in wliich chromium is .aeptavahmt], with pyridine, quinoline, 
and other organic bases liavc been prepared by Wiedc,' by adding 
the bast's to the blue ethereal solution of ficrchrtjmic acid cooled’ 
below 0°. These arc explosive crystalline compounds, which 
evolve oxygen when treated with strong acids. In a similar 
manner, lie ha* obtained blue |x>(asaitim and ammonium salts, 
which he regards as (NlfjJCrtlj.lfjO, and KPr0 4 ,lI,(),, the 
hydrogen (K-roxidc aeting like water of crystallisation. On the 
otlicr hand, according to Ricscnfold, 1 the. bust two compounds 
arc acid salts of the jicrclimmic acid, HjCrO,, and have, therefore, 
formula: of the tyi*o It'll,C'r0 7 . They arc also formed by the 
action of hydrogen peroxide on chromates in cold, faintly acid 
solution; in alkaline solution red salts of a jierchnunic acid, 
K»C,0„ are obtained. The red ammonium Bait, (NH^CrO* 
with dilute acids, gives off oxygen and forms the blue salt, 
(NH 4 )H,CrO„ aud both these compounds yield witli pyridine 
Wicdc’g salt of the acid HCrO s ; finally, all three compounds 
with excess of ammonia form triamminc chromium tetroxide, 
CrOj.SNH,. This compound 8 is a brown, explosive, crystalline 
Biibstance which has density 1-964 at 16-8°, 

1 Barro8v.il, Am a. dim, Ph\p., 1847, [3], H). 30*. 

1 Fairley, Chen. Seta, 1878, 33, 337. 

1 Moiaaan, Compi. rend., 1883, 97, 80. 

• Be rl helot, ibii„ 1889.108. 25. • J. or. Ckem., 1883, [2], 48, 70. 

• Srr„ 1897, 30, 2178: 1898, 81. 518, 3139; 1838. 32, 378. al*> 
Kolmann and Hiwidlroiior, M., 1908, 38, 3089. 

’ Bn., 1905, 38, 4088; 1908. 4L 2S2B; 1911, 44. 147: *«<• anor*. Chem., 
1912, 74, 48. Compare Hofmann and Hiendlmaier, Bn., 1904, 87, 1803. 

• Wiede, for., 1897, 80. 2178: 1899, 82. 378; RieaenleW, Wobleia. Kutecfc, 

and Ob), Ba\ 1908, 38, 1885, 3380. * 
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ifocnfcld considers that when excess of hydrogen peroxide 
nets on a solution of chromic acid, th$ acid H 3 CrO g (which, 
though blue, lias a composition corresponding to the red per- 
chrornates) Is mainly produced, but at the same time a little 
of the acid J[ 3 Cr () 7 is also formed, whilst the blue ethereal solu¬ 
tion probably contains a mixture of several perchromic acids . 1 
When perchromic acid is prepared by the action of hydrogen 
peroxide on rhrumyl chloride, or upon chromium trioxide in 
methyl ether solution at —30°, it is found to possess the formula 
H a <!r(l B ,‘Jlf,(t; the water ia water of constitution. Thus the blue 
m id may be regarded 8 as having the formula (0H),Cr(0'()H) 3 i 
whereas the red jierchrouiatos are anhvdro-salts of the formula 
(MOOJjfrOj. 


Chromous Salts. 

» 476 By dissolving metallic chromium in acids, or by reduc¬ 
tion of chromic salts or chromates with metals or by an electro¬ 
lytic process,* compound* of bivalent chromium arc obtained. 
It is essential that air should be excluded during the operation, 
since the chiomous salts in sthitimi are jeadily oxidised to 
chromic salts and chromic arid, with intermediate formation 
of unstable compounds.* They arc powerful reducing agents . 6 
The anhydrous salts arc usually white, and yield solutions the 
colour of which is blue in the case of salts of strong acids, and 
yellow, brown, or red in other cases. 

C'Aaiwoim Fluoride, CrF„ known only in the anhydrous con¬ 
dition, is a green, lustrous eulatance. It is obtained by the 
interaction of chromium or chromous chloride with hydrogen 
fluoride. 

Cliromoiie Chloride, CrClj, is formed by the ignition of chromium 
in hydrogen chloride, or of chromio chloride in a current of hydro¬ 
gen gus free front oxygen, and forms white, silky; lustrous needles 
which am stable in dry air. It dissolves in water with evolution 
of heat, forming a blue solution, which absorbs oxygen with 
extreme avidity, yielding basic chromio salts, and forms a powor- 

1 Sec sleu Hpiuniy, Ztil. awry. Ckem, 1907, 61. 164; 1907, 64. 293; 
1907.86. 12; 1910. m. 179; Jin., 1910, 43, 3167. 

< Hirer ofeld sod Mo, Bn., 1914, 47. 548. 

* Ttsube snd Goodsoo, ftr, 1918,46, 1079; Tsjrlor, GersdorB sod Torres, 
J. Amer. Ckm. Bee., 19X2, 44. 611. 

* Kresrd. Bn., 1913. 46. 2477; Treube sod Pereerge, Bn., 1913,48, 1308, 
hsvo Foond thst double islts with hydrsslne sn modi more stable. 

> fraube sod Pssisige, Bn., 1916. 46, 1992. 
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ful reducing agent. The solution is sometimes employed in gas 
analysis for the absorption of oxygen. It is found, however , 1 
that chromous chloride prepared by treating chromous acetate 
with hydrochloric acid is less stable than that prepared by reduc¬ 
tion of chromic chloride in solution with nascent hydrogen; 
the latter solutions, however, do not give complete absorption. 
Further, acid solutions of chromous chloride spontane¬ 
ously decompose with liberation of hydrogen : * 3CrO -j- H a O - - 
Cr,0 3 4- H,. Recount * states that the solution nuiy be obtained 
by adding a mixture of 300 c.c. of pure fuming hydrochloric acid 
with 200 c.c. of water to 300 -100 grams of amalgamated granu¬ 
lated zinc nnd 50 grams of finely powdered |>otaasiuni<lichroina1e 
in a Husk of about 3 litres capacity. A violent action oenirs, 
Ihe liquid becoming first green, then sky-blue. 

J [ydrates of chromous chloride are known us follows : 011,0, 
•111,0 (dark blue), 411,0 (dark green)* 3I[,(), and 2lf,0. With 
ammonia, white chrommu chloride forms a violet triainmirie 
and an ashy-grey hexannnine . 4 

The vapour density of chromous chloride at 1300* wan found 
by Nilson and Pettnwun to be 7-H, considerably lower than is 
required by the formula (>,<'1,*. At 1(500'’ the density is further 
reduced to tV 2 , allowing that probably nt a higher temperature 
its density would finally reach ili'i. corresponding to C'r(!l,.* 

Chromous Jirvmide, Crllr,, is obtained by gently beating 
chromic bromide in hydrogen gas, and also by heating the metal 
in gaseous liydrobromic acid. It is a white, crystalline muss, 
yielding a green basic chromic bromide on rx]*»mrc to moist air. 

<'humous Iodide, CrI,, is a crystalline mass obtained by heating 
chromium in gaseous hydriodic acid . 7 

Chromous Sulphide, (,'rS, is obtained by igniting elirninous 
chloride in hydrogen sulphide, or by the long continued beating 
of chromic sulphide in hydrogen, and forms a black powder 
attacked only with difficulty by acids.* It may also lie prepared 
by heating chromium to a high temperature in hydrogen sulphide, 

1 Anderson »nd Itiffc, J. hot, Kntj. Chun.. 19111, 8. 24. 

’ Traufsr and i’«*wrp\ llrr., 1916. 4J. 1092. 

• Recount, Comft. read.. 1887, 100, 187; ,1s*. Ckim. 1887. 

10 . 1 . 

1 According (o Vrnrr'a vinca, ihw iaunrrio (clraliyilralCT have llio 
lomiuW jCr(UH,)Jtl, anil |{'rO(<tH,),)l.'t,H,(» rt-xjiccri ir c-ly. See Kniijht and 
Rich, J, Cktm. Bor., 1911, 99. 87. 

‘ Ephraim and Millmann, Bo-., 1017, 50, 429. 

• Jours. Ckrm. So c., 1888, $8, 830. 

' Motwau, Com ft. read.. 1881 , 90, 1051. * Ibid.. 1880.90, Si 7. 
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when it in obtained in needles having a density of 4-08, and suffi¬ 
ciently hard to scratch quartz. 1 

Chromous Sulphate, CrS0 4 ,7II 8 0, is prepared by dissolving 
the metal in dilute sulphuric acid. It is best obtained by dis¬ 
solving chromium acetate in dilute sulphuric acid; on cooling 
it separates in fine blue crystals isomorphous with ferrous 
sulphate. The snunoniaca! solution absorbs oxygen, nitric 
oxide, and acetylene. If potassium sulphate be dissolved in 
a cold saturated solution of the chloride, alcohol added until 
a precipitate, begins to form, and the mass kept for some 
weeks in absence of air, fine blue rhombic prisms, having the 
composition K^SO^f.WO^fiUjO, and isomorphous with the 
corresponding ummonittm salt, are deposited; these soon become 
green in the air owing to absorption of oxygen. 

VknmoH* Carbonate, CrtJO,, is obtained by precipitating the 
chloride with potassium carbonate. A yellow to greenish-blue 
jhecipitutc is obtained in the cold, which becomes reddish-brown 
on wanning. Several double salts of chromous carbonate with 
the. alkali carbonates bavo been prepared by the action of 
carbon dioxide on a mixture of solutions of chromous acetate 
and the alkali carbonate* Thcsi* arc |towerful reducing agents 
(iccnntpmuig water at 100° with evolution of hydrogen. 

Chroma* Aretale is a red, crystalline precipitate obtuined by 
addition of a concentrated solution of sodium acetate, saturated 
witli carbon dioxide, to a solution of cbromoits chloride, aud 
washing the product with air-free water. 


Chromic S.M.TS. 

477 The normal chromic salts have a blue or violet colour, 
and alluw red light to jaws through their solutions. The cold 
solid ions have a violet colour, which on heating changes to 
green; in some cases the solution immediately becomes violet 
Oil cooling, but in others this occurs only on keeping the cooled 
solution for some time. Only the violet solutions of the suits 
with oxy-acids yield crystalline salts, tho green solutions deposit¬ 
ing an amorphous mass on evaporation. Many attempts have 
been made to explain the* changes which take place, and much 
light has been thrown on the subject by the researches of Recoura 

1 Mourlul, Compt. mi., 1895, ltl, 943; Wedekind and llurei. Err., 1915, 
B. 105. 

1 Badge, Compi rend.. 1996,122, 474; 1897.12#, 1177; 1898,12b, 1566. 
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and others. The salts which have been most closely examined 
are the chloride, bromide, and sulphate. 

A certain complexity is thus introduced into the chemistry 
of the chromic salts owing to the existence of isomeric com¬ 
pounds the constitution of which can best be investigated from 
the point of view of Werner's 1 ideas of co-ordination couquunds. 
Thus the chloride -forms three distinct hexahydrates, and, the 
bromide two distinct hexahydrates. These ionise differently in 
water, yielding solutions from which one-third, two-thirds, or 
the whole of the chlorine is precipitable by silver nitrate solution. 
Tile constitution of such isomers will be discussed later. 

• 

Chromium and thk Hauxiknh. 

478 Chromic Fluoride, CrK,.—The anhydrous salt is obtained 
by passing hydrogen fluoride over heated chromic chloride, 
and sublimes at about 1200° in rhombohedro. Hydrates with, 
3-5, fi, and !)ffjO arc known. The last named, [Cr(H,0),]F*.HH,(), 
is obtained by adding ammonium fluoride to 11 cold solution of 
chromic sulphate. It is sparingly soluble in water, but dissolves 
in hydrochloric acid, forming si violet solution. When heated 
in .the air it becomes green, and finally leaves a residue of 
chromium trioxide . 5 The salt is used to some extent in the dyeing 
of wool. 

Double fluorides with other metallic fluorides arc known, as 
well as various complex salts.’ In the case of the salt of the 
composition CY^KOI,, the fluorine is not precipitable by barium 
chloride . 4 

Chromic Chloride, CrClj.—The anhydrous chloride is obtained’ 
by healing metallic chromium or an intimate mixture of chromic 
oxide ami carbon to dull redness in a stream of dry chlorine. 
It forms pearh-blossom coloured scales, which have a density 
of 2-70. It volatilises at 1005°, yielding a vapour of the density 
fi-135, the formula CrClj requiring 5-478, and Or 2 Cl, correspond¬ 
ing to a density twice as great; hence this latter compound cannot 
exist in the state of vapour. From 1190° up to 1300" the density 

1 Fur a detailed explanation of Werner's theories, aco A. Werner, 41 Ntuere 
Atuckauntifi ok/ dm fJriirte itr a*orjmuehn t Chrmit " (4th rdn., Braun¬ 
schweig, \m). 

■ Poulenc. Comft. rend.. 1891.114 263; Fehris. (ha. 1890, (0, 682. 

* Recount. Conpt. rend., 1913, 147, 1626; CotUcbeacu, An». Sci. Unit. 
Jatny. 1914, B. 16. 

4 Recoura. lot. tit. 

• From cSromite, see Badiache Aniilo-und 8oda-Fabiik, Ger. Pat., 2ffl99fl. 
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is 5-5 {Niton and Pettenwon). Chromic chloride is almost 
insoluble in cold water, but it is readily Soluble in presence of a 
very small quantity (less than 0-001 per cent.) of chromous 
chloride, cuprous chloride, stannous chloride, or other reducing 
agents. 1 The dilute solutions of the chloride have a violet colour, 
whilst the concentrated solutions or those containing a large 
oxcegs of acid ure green. Recoura ! has shown that the heat 
evolved by the action of an equivalent quantity of soda is nearly 
50 per cent, greater in the case of the green solutions, and that 
as the concentration of the solution increase*, the evolu¬ 
tion of heat gradually increases from the value for the violet 
solution ()■ 22-2 Cal.) to that for the dark green ( [- 31-. r > Cal.). 
The colour of the solution at the same time gradually changes 
from violet to pure green, thus indicating a gradual transition 
of this violet into the green modification, ft has ulso been shown 3 
that equilibrium betwisen the green and the violet salts is set up 
111 solution, either salt leading to the same final conditions, 
ili-jK-uding on the concentration. In dilute solutions, the salt 
is almost all present in the violet form, fCr(H,0),]CI 3 , whilst as 
the concentration increases the equilibrium shifts more anil more 
in favour of the green. The equilibrium is reached very slowly 
at the ordinary temperature, but may he attained in 24 hours at 
HI", I loth modifications have been isolated in the crystalline 
condition bv Recoura, and both have the same composition, 

OriyiHaW 

The dark green chloride, [CK'l a (lf a t >) 4 j(1,2l I 3 t), separates 
ill small, emerald-green crystals when « current of hydrogen 
chloride is passed through a well-cooled, saturated solution 
of chromic chloride, ff the erode chloride be dissolved in its own 
weight of water, warmed for a few minutes to 80", and then cooled 
to O', the solution contains both the dark green und the violet 
sail, and on pissing in hydrogen chloride, only the hit ter separates 
at first, and may he obtained free from the green modification 
if it be immediately filtered off. It forms greyish-blue crystals 
which dissolve in water, funning the characteristic bluish violet 
solution. Intermediate between the violet hcxahydmtc and the 
dark green hcxahydmte is the light green hexahydrate, 

* Hull lam!. Znf. user;. rtri, I (WO, 21. ST; Hi id, 11*0, 22, ISO; llniclwr, 
teik fkyihtl Ct <m„ 1961,32, 173. 

1 lifoeura, A tin. Chit*. Phy. i.. 1S87. [9). 10, 5. 

1 Rvwrboon am] OUe, Prot. K. Ahttl. Wetrmck. Amtlinkm. 1905, 8. 00; 
tail, anarg. ('Seal., IMM, 61. SO; Weiner anil Cubaer, Bn., 1001.34,1379. 

‘ JlUvbetli, (fu»„ 1SSS, 22,375. 
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[CrC](H,0)jjClj.H,©, obtained by Bjernim 1 by adding ellier 
saturated with hydrogep chloride to the solution left after precipi¬ 
tating tho violet salt with hydrochloric acid. It. forms a light 
green, microcrystallme powder which is even more hygroscopic 
than the other isomers; on attempted drying it {waxes gradually 
into the dark green compound. 1 The latter substance, however, 
when kept in a desiccator, Iowa two molecules of water, forming 
a tetrahydrnte, whilst a deeahydrate is also known.* The con¬ 
stitution of theso hydrates will be discussed in conjunction with 
that of the nrunioniacal compounds of chromium (j.e.). Cer¬ 
tain lower hydrates arc stated to possess a red colour, us also does 
the com]>ound CrClj^CjIIn.OIF. • 

Basic chromic chlorides have !>eon prepared, 1 4 * tin: composition 
of which varies according to the method of preparation. 6 

Double compounds of an oxychloride of chromium with the 
chlorides of the alkali metals have been described, in which the 
chromium appeal* to he quinqucvnleut. Thus the potassium 
compound, ('rOCI^Kfl. is formed as a garnet-red, crystalline 
precipitate when a solution of potassium chloride is added to u 
concentrated solution of chromic acid which has previously been 
treated with hydrochloric acid at— 2tt“, aod the mixture saturated 
at 0’ with hydrogen chloride. .Similar examples have been 
prepared with quinoline and pyridine hydrochloride*.* 

Chromic Jiromitlr, The anhydrous suit is prepared in a 

similar way to the chloride. It forms almost black, semi-metallic, 
translucent, hexagonal scales which in thin sections appear green 
by transmitted and red by reflected light. In its properties it 

1 llj.mim. /i.r„ Ins;. 39, 1007; Ztil. jipitnl. ei,m.. 1007, 59, Ml. 
See nlan Wrinland »nil Schumann, Zril. naurg. i'htm., lUIIS, 58. 170. 

1 For itiiiil.li' soils r.f these chlorides, ne liinoMOl, Ztil. fining. ('hr M., 

1020, 110, KiJ; Weinlnrid an.l Kith, .5 U„ tool, 80, 2WI; Weird,.nd and 
.Schumann, ibiil., 1007, 40. JT87. 

4 Wcmct and (lulacr, Brr.. 11*11,34.1370; Olir, Ziit. nnory. flnt., 1007, 
63. 2IW. 

* Jlolicrs, J. jpc. < him „ 1843. S9. 175; Schifl, .laantra, 18112, 124, 108; 
Olfc, Xtil. unorg. firm., I00U, 82, (12. 

4 For further infurmatinn regarding the i-hmmic ehluridea, US'; Kilns, .1 ant. 
Fir. Quin,.. 1918, 1ft 4117; Foytia, foiajd. rear/., 1013, 166, 8811; Wymobufl, 
ib,J.. 1913,16ft 1072; Heydweiller, Zcil. unorg. Oum, I9IJ, 81.80; Lamb 
and Funds, J. Amrr. Clear. Sc. 1021,43,1154Hn|rfsartncr, Mannish., 1919, 
40.250; Baldwin. J. Amir. Ltathrr Chrm. Asm., 1919.14,10; Kuril.,v, KoBvid 
Zrit.. 1914,14, 171. 

• Mover and Best. Zcil. nnorg. Chrm., 1809, 22, 92; Wcinland anil Fridricli. 
Btr.. 1905, 88, 3784; Wcinland and Ficdercr, Brr., WOO, 37. 4042; 1907, 40, 
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cloudy resembles the chloride, and dissolves easily in water, when 
a small quantity of chromous bromide,.or any other reducing 
agent, such as tinfoil, is present. Solutions of chromic bromide 
behave in an analogous maimer to those of the chloride, Bnd yield 
two isomeric salts, the one forming bluish-grey, and the other 
green crystals, both of which have the composition CrBr^HjO. 1 
This former has tile constitution [Cr(H a 0),]Br, and the latter is 
[CrHr,(H t O)JBr,2H t O. An octahydrate also exists. 

Chromic Iodide, <,TT 3 ,flHjO, forms unstable violet crystals. 8 

Chromium ani> Sulphur. 

479 Clu'omium Scttjiiiivlphulc, or Chromic Sulphide, Cr,8 3 .— 
This is obtained by heating chromium with sulphur, or by igniting 
chromic chloride, or the trioxidc, in a current of hydrogen sul¬ 
phide. It forma either a blackish-grey powder with a metallic 
Justre, or an elastic mass having a density of 3-77. When 
heated in the air it burns with formation of the green oxide, and 
in chlorine yields sulphur chloride and chromic chloride. This 
cninpohml cannot be prepared in the wet way, as soluble sulphides 
precipitate the hydroxide from qhromic salts, with liberation of 
sulphuretted hydrogen; 

SCKIj 1 fi!l,0 (- 3(NIWi.. 20(011), -I 6NH 4 CI + 311,S. 

Chromic Suiphule, Cr,(B0 4 )„ is obtained by mixing equal 
parts of conruntrotod sutpliuric acid and chromium hydroxide 
dried at 100”. The mixture is allowed to stand in a loosely- 
stoppered bottle, when the green solution becomes bine, and in 
some weeks deposits a violet-blue, crystalline mass, which is 
purified by solution in water and precipitation with alcohol. 
Thus obtained, it is a violet, crystalline powder; with less alcohol, 
blue octuhcdra containing 18 molecules of water arc deposited, 
(•bromic sulphate and the sulphates of the alkali metals form 
double sails, corroiqsmding to the alums, to which the name of 
chrome-alum* is given. 

Pulasriiim Chromic Svl/thtilr, KjSOj.CrfSOjJj^-lHjO, or Chrome 
Alum is best obtained by the reduction of a solution of 
potassium dichromate, K,Cr,0 7 , by adding the requisite quan¬ 
tity of sulphuric acid, and passing Bulphur dioxide through the 
mlution: 

K s Cr,0, -f H^0 4 + 3S0, - K,S0 4 -f Cr^SO,), + 11,0. 

' Rmiure, Cou.pt. mut.,1890,115 1029. See sboHein, Bn., 1918. 195. 

■ Htgley, J. Amtr. CSta. Sot., 1DW. 25. 813. 
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In place of sulphur dioxide any other easily oxidisable substance 
such as alcohol, etc., may be employed, but in this case more 
sulphuric acid must be added. Chronic alum is now obtained in 
large quantity os a by-product in the manufacture of artificial 
alizarin from anthracene, C, 4 H I0 , in which the hydrocarbon is 
treated with a mixture of sulphuric acid and potassium dichromate, 
when anthraquinone, C 14 ll,0 a , is formed, oud this is thou subjected 
to further treatment. The salt crystallises in large, dark purple- 
red, almost black octahcdra, which, when seen by transmitted 
light, exhibit a ruby-red colour. One litre, of water at 25° dis¬ 
solves 243-9 grams of the crystalline salt; the solution 1ms a dingy 
blue colour, with a tinge of red, which when heated to 7QT becomes 
dark green. After standing for several months, however, it ret urns 
to its ordinary colour {see below). Chrome alum is used in dyeing 
and calico-printing as well as in tanning. 

Ammonium Chromic Sulphate, (NIf ,) a S(> 4 ,('r a (S(21 1 l a O, is 
obtained by crystallising a mixture of the two salts, or by reducing * 
ammonium dichromate in presence of sulphuric acid. The salt 
is less soluble than (lie jsitassium compound, mid crystallises 
readily in line ruby-red oetaliedra, which effloresce in the air. 

A number of other crystallinuMonblc chromic .sulphates, both 
anhydrous and hydrated, have been deserilssl. 1 

Ad Inn of lien! on Chromic, Sulphate and it* I Inutile Suit*.- -When 
the cold violet solution of chromic sulphate is boiled, there is 
produced a green solution which contains a considerable quantity 
of hydrogen ions; evidently hydrolysis has taken place, with (lie 
formation of soluble basic sulphates, probably of a complex, or 
even polymeric character. In such modified solutions, the sul¬ 
phate is only partially ionised, since precipitation with barium 
chloride yields only a proportion of the anticipated quantity of 
barium sulphate. It is impossible to assign definite formula! 
to such hydrolytic product*, of which tile composition is doubtless 
more complex than [Cr 4 0(S0 4 ) < )SO t or [Cr 4 (ll a ()).(()11 ).(S0 4 ) 4 ]S( ) 4 
as suggested by Recount and others. 1 By keeping at the ordinary 

1 ffchriitlor, Pnjy. Ann., 1841, 63. 013; Ouretanjen, J pr. fins, 1867, 
102, 06; PuUcnoon, Ike., 1871. t, 1853; Mejxnnxh, Out.. 1877, 10. IMS; 
Klnhli, Compt. rend., 1893,117.311; Belt. Sir. ekitn., 1803, [3J.9, 003; Sommer, 
Zrit. nnorg. Chem., 1916. 94.70; Kphraim and Wagner, Ihr., 1017.60,1088. 

1 Rccoiira, vtns. Chiu. I'kyr., 1800, f7]> A 404 1 ; Ksvre mill V«lwm, tiompt. 
end.. 1873, 74. 1023; Wlitnoy. Zril. pkptihal. Chem.. 1 80S, SO. 40; Jlmiysl, 

J. Chem. Soc., 1806, m. 1020; Cuban, Camp), rend., 1906, 140, 42, 372. 1461 ; 
ML 119, 331, 1024; 1906, 142 402; 1907, 144. 79, 206. 320, 637; 148. 200; 
Butt. See. dim., 1007 [4], 1, 438, 889: 1908, [4J. 2 90; Ann. CUm. Ply*. 
1907, [8], 12 433. See aim Mconirr and Caata, Cotnpt. mi., 1921, 172 4488. 
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temperature, these green solutions are gradually converted into 
the ordinary violet solutions. The double salts, such os chrome 
alum, undergo an analogous reaction when the solutions are 
heated. 

firmi Modification. * of Chromic Sulphate- -In addition to the 
above complex basic sulphate, a solid green salt of the same 
empirical formula as the normal violet salt is known, which, 
however, [to use sacs entirely different properties. 1 This is obtained 
by heating the crystals of the violet salt, Cr > (80 1 )j 1 18H a 0, 2 at 90° 
until they have the composition CrjjSOjj.tilljO. 5 The resulting 
green compound is readily soluble in water, but the freshly pre¬ 
pared solution shows the ordinary reactions neither of a chromium 
salt nor of a sulphate; further, it is capable of “masking” the 
sulphate-ion of other sulphates to a considerable extent. 4 In 
the course of a few days the solution is gradually transformed 
into that of the normal violet sulphate. In dry air, the green 
"sulphate yields Cr^S0 4 J^SI[ t (), and becomes anhydrous at 400", 
According to Werner's views, green chromic sulphate hexahydratc 
is formulated,[C'r^SO^HjO),], whereas the corresponding violet 
compound is formulated 

[rr,(II J O) 18 ](S0 ( )„rH,O. 

It, would be »ntiri|«tod that intermediate salts of the 
fovrn [(Yj(lfjO){W t 4 )j |(S<> 4 ).m[. and (('rj(HjO)j.S() 4 ](8() 4 ) 2 ,aq., in 
which respectively one-third and two-thirds of the sulphate are 
preeipitablc by barium chloride would be found to exist. Colson's 
observation 5 tlmt such salts may be prepared does not, however, 
appear to have received definite confirmation. Recoura® lias 
reported the existence of a lilac-grey sulphate which appears to 
consist of 1 mol. of the green salt and 2 mole, of the normal violet 
salt. At first, the sulphate ions corresponding to tho green 
sulphate are masked, whilst those cnrrcs]>onding to the violet 
salt are preeipitablc; on keeping, however, the latter sulphate 
ions also become masked. In explanation, the jwlymerisation 
of the green salt is put forward, 

1 Itcrouni, .Us. Ctiw. I’kg*., 1896, [7], 4. 606. Seo also Cabw-ra and 
Marijuiiia, Fit. (lulls., 1017,16, 199; Shibat* aud Jlatnino, J. Cod. Sei. 
Tutgo, 1920, 41, 0,1. 

* But an BMeU. Coapt. n ml.. 1911,168. 652. 

• WjfToukofi, lltQ. «uc. tW, 1D02,27, b",H; Cobun, Compt. rend., 1907,144, 
200; Kling. Hon'olin, and Hucbet, i bid.. 1914, 164, 00; ftinccbal, ibid., 1914, 
164.243. 

* Rocoura, Conpt. rt»J„ 1022. 174. 1480. • Colson, lor. of. 

• tteeoora, Compt. md„ 1920,170, 1494. Boo also Aid, 1919TM4,1163. 
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Although acid chromic sulphates are known,* Rectum has 
shown • that when the green sulphate combines with one, two, or 
three molecules of sulphuric acid or a sulphate, substances are 
obtained from which no barium sulphate can be obtained byjweci- 
pitation in the cold, neither are chromium ious present; these 
may be regarded as the complex acids, ehromosulphurk arid, 
[Crj(S0 4 )JH a , chromodisulphuric acid, [CrjfSOJJIf,, and chroma- 
It{sulphuric acid, [Cr s (S0 4 ) a ], or their salts. These are stable 
in dry air, but in solution they gradually undergo conversion into 
the normal chromium salts. The alkali rhromosulpliates are 
isomeric with the chrome alums, from which they may be readily 
obtained by heating the crystals of the latter for boioc time at 
itO 1 . Potassium chromosulphate, [Cr,(80 4 ) 4 ]Kj,4H 2 0, is thus 
obtained as a green salt which dissolves slowly but completely in 
cold water. 

The colloidal character of the chromosulphnric acids has Is'on 
demonstrated by Strong. 11 

An analogous scries of ncida has been prepared by the union 
of the green chromic sulphate with chromic acid. These have 
the compositions [Cr 2 (S0 4 ) 3 ,Cr0 4 ]Hj, [Crj(,S0 4 ) 3 ,(('r0 4 )j]lf,, and 
[('r 2 (!S0,)3,(Cr0 4 )j]ll t , and are'called the cltruMOsulplochroutic 
acids* 

Various complex chrvmiaclenatts have also been prepared.' 1 

f'HROMIUM AND NlTROtiEN, l’lIOsPHORUS, AND JloRON. 

480 Chromium Nitride, CrN, is formed by the. direct union of 
its elements at a rod heat; 5 and also by passing ammonia over 
heated chromic chloride. It is a brownish-black powder, which 
takes fire and burns when heated to 200" in the air or in oxygen. 
Cold chlorine does not act upon it, but when heated in this gas 
small explosions first occur owing to formation of nitrogen chloride, 
and finally chromic chloride remains. It docs not undergo change 
on ignition in hydrogen or in aqueous vapour, and is not attacked 

‘ Weinland and Krebs, 2cit. atiorg. Chen., 1906, 49, 157. 

1 Strung, Coapt. read., 1910, ISO, 1172. These cotn|iniinr)ii, particulerly 
thoec composed of 1 mol. of Or,(SO,), with 4, 6, end 0 mole, of H r SO ( , can there¬ 
fore no longer be regarded ae compouoda of the typo called " eiiljihochromio 
hydroxide " by Recoure, toe. at.. See alao Calvert and Ewan, Proe. Chen. 
Hoe.. 1696, 12, 160. 

* Recon ra, BoU. Hoc. chtm., 1897. [3J. 17, 934; Ann. Ch,m. My... 1HIM, 
[71. 4,494. 

4 Mayer, Ztit. away. Chen., 1921, 118, 1. 

> BriaglieS and Oenther, Ananko, 1882,128, 239. 
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y potassium hydroxide, hydrochloric acid, or nitric acid. Con- 
jntrated sulphuric acid converts it. into the sulphates of 
nmonium and chromium ; 

2CrN + 4H.SO, = Cr^SOJ* ( (NH 4 ),S0 4 . 

Chromic Azide, Cr(N 3 )j, has been obtained 1 as well as its 
rtidino compound, Cr(N 3 )j,3Py, which is explosive, and the 
impound CrN 9 ,3NaN a . Basic salts are known. 

Chromic Nitrate, Cr(N0 3 ) 3 ,9H,0, is obtained by dissolving the 
'droxide in nitric acid; it crystallises in oblique, purple-red 
isms. The solution, like that of the sulphate, turns green on 
thing, apd on evaporation dries to a green, amorphous moss, 
le green solution immediately becomes violet on cooling. 
Chromium Phosphides. —By heating finely divided chromium 
th red phosphorus in a sealed tube, the phosphide, CtjPj, is 
tained; when this compound is heated in hydrogen, chromic 
osphide, CrP, is produced. 3 Both arc grey substances which 
5 insoluble in acids. 

Chrpmio Hypophosphite, Cr(HjP0j) s ,2H,0, is a green mass, 
tained by dissolving freshly prepared chromic hydroxide in 
pophosphorous acid.* • 

ihrtmic Phosphates.—When a solution of sodium hydrogen 
oephate is added to an excess of chrome alum solution a 
atinous precipitate is formed which on keeping for forty-eight 
■ure istransformed into dark violet crystals of the phosphate, 4 
cVO,,GHjO; more prolonged contact with the precipitant yields 
green, amorphous tctrahydratc. By boiling the violet salt with 
vater, the tetrahydrato is obtained in crystalline form, whereas 
treatment with acetic anhydride yields a dihydrate. On ignition 
of a hydrate, the auhydrous salt is obtained as a brown, amorphous 
powder. If chromic hydroxido is dissolved in excess of phosphoric 
acid and the solution evaporated and heated to 316°, chromic 
metaphosphale, Cr(l’0,)„ is obtained, which has been employed 
as a green pigment. Chromic pyrophosphate in slkaline solution 
gradually yields salts of the type M'lCrPjOjJ.nHjO (chronii- 
pyrvphosphates).* 

1 Olivrri-Muidnli. (It t»„ 1919, 49, ii, 43; 1922, 52, i, 112; WBblcr and 
Martin. Orr., 1017,80, SOS. . 

1 Dsx'kiuann and Hani, tat. awy. Chan-, 1914,88, 291. Sea abo Granger, 
fW/4. r«d„ 1897,124, 190; Maruonean. *W„ 1900, 1M. 658. 

* JUwrtrw and Zowa, 2Ht nrrj. Chtm., 1010, 48, 311. 

4 Schifl. Ztil. auorg. Cktm., 1905.41,304; Joaeph and Ilae, Trmu. Chan. 
Sor., 1917, lit 190. 

1 rtoMnhelm and TrianlipbyHidea, Bet., 1915, 48,581 




Chromium Arsenides .—The compounds 'Cr^As, and CrAs have 
been prepared similarly to the phosphides. 1 An arseni/e, arsenates, 
and a metantimonale have been described. 

Chromium Borides .—Two chromium borides have been prepared 
by heating the elements together in the electric furnace; * these 
have the formula! CrB, and CrjBj, and are grey, crystalline 
substances. 


Chromium and Carbon and Silicon. 

481 Chromium Carbides.— These fall into two groups: 3 (1) 
those containing up to 8-5 per cent. C, and (2) those containing 
a larger proportion of carbon, The former are completely soluble 
in hot 24 per cent, hydrochloric acid; the latter only partially. 
The carbide Cr 6 C t forms silvery crystals of density (>’9. It melts 
at 1605° and is unattached by aqua regia. The carbide Cr s C. is 
darker in colour, has a density 6-68, and melts at about 1890° with 
partial decomposition to Cr 4 C, and graphite. Moissan 4 has 
described carbides of the composition Cr 2 C, and Cr 4 C respectively. 

Chromium Carbonate. —Chromic hydroxide absorbs carbon 
dioxide from air, yielding a compound to which the formula 

Crj(0H) s '0. £., „ „ , „.Cr,(OH) 4 'Ow,Q q 

(0) Cr s (0H) s -0- ° r [b > 'Cr J (OHj 4 '0 / ^ U ’ ° 1 * U 

has been given* 

Cyanoyen Compounds of Chromium.—Chrotnous cyanide is 
unstable in air. Potassium chromocyanide, K 4 [('r(CNJ,i,211.0, is 
obtained by the action of potassium cyanide on chromous acetate, 
and forms blue crystals. It is soluble in water, adJ on exposure 
to air passes into 

Potassium Chromicyanide or Potassium Hcxa-cyano-chromili’, 
KJCrfCN),], light yellow, monoclinic crystals, obtained also by 
pouring a solution of chromic acetate into a boiling solution 
of potassium cyanide. 

A number of chronucyanides of other metals have also been 
prepared. 4 

1 Dieckmann and Rauf, leit. ana’s. Cktnt., 1814, M, 291. 

* Tucker and Moody, Jonrt. Chttn. Soe., 1802, fL 10; Binet du JaaannncJi, 
'ompt. mJ., 1800.143. 887; Wedekind and Fcticr, Ber.. 1907, 40, 297. 

' RuS and Fiehr, ZtU. anarf. Ckrm., 1818, 101 27. 

1 M(liman, Comfl. rend,, 1894. 118, 1SS. 

* Joritacbitecb, Comp. rend.. 1914, U8. 872; Pete. Ckim. Aeia, 1920. 8. 4R. 

* Fncher and Beniian, Clem. U it. 1802. M, 49; Cramr and Miller, J. A hut. 

Them. Soe., 1866,28. 1132. * 
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Chromic Thiocyanate, Cr(SCN) s .—Chromic hydroxide dissolves 
in thiocyanio acid solution yielding a greenish-violet solution 
which when concentrated over sulphuric acid dries to a daTk-grcen 
amorphous, deliquescent mass. It forms a series of characteristic 
double salts, which are regarded as salts of complex acid radicles 
containing chromium. 1 The complex ions present in such solu¬ 
tions are:* pjraqj***, [Craq,(0NS)]*\ [Cr«q 4 (CNS),]\ 
[Or aq s (CNS)j] (non-electrolyte), [Cr aq,(CNS)J~, [Cr aq(CNS) s ] _ "• 

and [Cr(CNS) J-. Of particular importance is the potassium 

salt of the last-mentioned ion. 

Potassium Chromithiocyanate or Potassium [Hexathiocyano- 
<Jtromite , KjJCrfSCNJJ.iHjO, is formed by heating a moderately 
concentrated solution of 6 parts of potassium thiocyanate and 
5 parts of chrome alum for two hours at the boiling point; the 
sulphates formed are precipitated by the addition of alcohol, the 
filtrate evaporated, and the residues recrystalliaed from alcohol. 

1 It forms tetragonal, almost black crystals, which appear ruby-red 
by transmitted light, and dissolve very readily in water and 
alcohol, forming wine-red solutions. It is decomposed by alkalis 
and warm hydrochloric acid. The solution gives precipitates 
of analogous compounds with lelld and silver salts. 8 

Chromium and Silicon.—Several silicides of chromium have 
been described; these are all prepared by beating chromium with 
silicon, or a mixture of silica and chromic acid with carbon or 
copper and aluminium in the electric furnace. In this way the 
compounds Si 2 Cr, SijCT s , SiCr„ and SiCr s have been obtained. 4 
The compound, Si/h^ is also formed when silicon chloride is 
heated for some time in contact with chromium.* 

Chromium and Tungsten. —Chromic tungstates and derivatives 
of tungsto-chromic acid are known.* 

1 Holder, AnnaUn. 1867, ML 185. 

* Bjerrum, Del. K. Danth Videtuh. SeUkabe Shifter, Nat. Ma'h., 1915, 7, 
BO; Ztil. anorg. Chm^ 19Sl.U8.131i 119, 89, 64, 179; al» Bohart, 
J. Physical Chen., 1915, IB, 637; Soagliarini, Atti X. Accad. Lineei, 1918, [5], 
87,1,442. 

• H9(Ur, Annalen, 1867, 14L 185; Rceenhelm end Cohn, Zeit. tmorg. 
Chm, 1901, 27, 293. 

* Moieeen, Ccmpt. rutd., 1895, 121, C2I i d» Chelmot, diner. Chm. J., 1897, 
19, 09; ZeCtel, Ccmpl. rend., 1898,128, 838; L»be»u and Flguoiae, Mi., 1903, 
139, 1329. 

1 Vigouroux, Cornpi. rend., 1907,144, B3. 

• See Kantschoy, J. Ran. Phye. Chen. 8oe., 1914,48, 729. 
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Ammonuoal and Otheji Complex Compounds op Chromium. 

482 The salts of chromium readily combine with ammonia or 
substituted ammonias to form complex salts. These contain, for 
each atom of chromium, up to six molecules of ammonia, and 
often other elements or groups of elements united with the metal 
to form a complex radicle, which usually acta like a uni-, bi-,‘or 
ter-valent metal, but may in other cases have an acid function, 
or be neutral, that is, the complex is not ionised in aqueous 
solution. These complex salts are capable of undergong numerous 
double decompositions, giving rise to a large number of deriv¬ 
atives, among which many cases of isomerism occur. Analogous 
compounds are formed by other metals, in particular, cobalt and 
the metals of the platinum group, and these are to be regarded 
as included in the general statement which follows. 

These compounds do not give the ordinary reactions of the 
metal, and in many cases this is also true of some or all of the acid 
radicles which they contain. This is accounted for, as already 
explained (pp. 37*38) by supposing that, in these latter cases, the 
acid radicle forms part of the pomplex group containing the 
metal, whereas those acid radicles which give the ordinary re¬ 
actions are not contained in this group. 

The constitution of these complex radicles is still under dis¬ 
cussion, two different views being held. According to one of 
these (Illomstrand, Jorgensen) the metal retains its characteristic 
valenoy in all the compounds, the molecules of ammonia being 
attached to the metal in open chains by virtue of the pcntavalent 
character of nitrogen. That portion of the acid radicles which 
does not retain its ordinary properties is directly connected with 
the metal, whilst the other portion is combined with nitrogen. 
Water may take the place of one or more of the ammonia groups, 
the oxygen atom being supposed to be quadrivalent. The com¬ 
pound Cr(NU 3 ) 6 Cl 3 , in which only two of the chlorine atoms are 
preeipitahle by silver nitrate in aqueous solution, would thus 
receive such a constitutional formula as 

/Cl 

a-NH,'NH,-NH r -Cr-NH l *NH,-a. 

The existence of isomeridee may be readily expressed by a varia¬ 
tion in the arrangement of the various groups. 

The second and more satisfactory view is that proposed .by 
vol. n. fa.l n 
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Werner,* who classifies these compounds op the theory of principal 
and supplementary valency, an account of which has already 
been given (p. 37). The theory has naturally undergone modifica¬ 
tion in some details as experimental evidenoe has accumulated. 
According to this theory, in the compound [CrfNByjCl,, for 
example, the ammonia groups are all united or co-ordinated with 
the chromium atom by means of its supplementary valencies, 
whilst the chlorine, according to Werner's more recent view, is 
combined with the complex radicle as a whole, without being 
attached to any particular atom in it, and is said to be in indirect 
combination with this radicle. The ammonia groups may be 
either partially or entirely replaced by acid groups such as 
Cl, NO,, 8CN, etc., yielding a large number of compounds, which 
usually contain six groups in the complex radicle, although in 
some cases only four such groups can be present. The valency 
of the complex radicle is easily ascertained from the number 
and character of the groups within it. If the number of univalent 
acid radicles be less than tho principal valency of the atom of 
the metal, the complex radicle is basic and capable of combining 
with a number of acid radicles equal to tbe difference. If, 
however, it be greater, the complex radicle has an acid character 
and is capable of combining with univalent basic radicles equal 
in number to the excess of the number of uniyalent acid radicles 
over tbe principal valency of the metal. When the number in 
the complex radicle is equal to the principal valency of the metal, 
the compound is a neutral substance. 

This is illustrated In the following series of compounds derived 
from tervalent chromium, X representing a univalent acid and 
R a univalent basic radicle : 

[Cr{NH,)JX a [Cr(NH,),(SCN),] 

[Cr(NH s ),(SCN)])X t [CrfNH^fSCNJJ R 

[CrfNBJ.tSCNJJX [Cr(NH,)(SCN) s ] R a (unknown) 

[Cr(SCX)*] Rj 

As already explained, the electrolytic dissociation and the 
reactions of these compounds in solution correspond with these 
formul*. 

1 Aanalen, 1902, 322. 281; A'euere Antehauungen ortf dem QtiiHe der 
anerganinXtH Chemie (Vieweg t Sohn, 'fornmeeAwij', 1920). See also for., 
1907,40,16, where an account ol the literature on the subject is given. Recent 
Investigations on tbe subject an described in papers by Jovitsohitaoh, Mtmalth,, 
1913,34,226; Dubaky, J. pr. Chem., 1914, [2], (0. 01; Wemsr and others, 
rianotm, 1914; 40Cs 212; 406, 281; Mandal, Bn., 1918, 49, 1307; Briggs, 
Jain. Chen. Sac., 1919, 116, 87; Hands], for., 1910,62, [BJ, 330,4S9 jFrowaln, 
Zeit. anorg. Chen., 1920, 110, 107. 
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Id many cases, hydrated compounds of chromium maybe 
formulated in a similar manner; instances have already been 
quoted in the cases of chromous chloride, chromic chloride, and 
chromic sulphate; Werner’s formulation is in agreement with 
the behaviour of these substances in solution, when the whole 
.or part only of the chloride or sulphate radicles is ionised. 
Examples may also be quoted of cases in which the ammpnia 
groups in the complex radicle are only partially replaced by the 
“ aquo ” group, (0H a ), thus: 

[Cr(NH a ),lCl s ; [Cr(OH a )(NH a ) 6 ]Cl a , etc. [CrfOH^Cl,. 

The bluish-violet chromic chloride hexahydrate is, "of course, 
the final stage in Buch a substitution. 

Compounds are also known, derived from the bivalent atom of 
the metal, in which the complex radicle contains six univalent 
acid groups, and is therefore capable of uniting with four basic c 
radicles, examples being potassium chromocyanide, [Cr"(CN) 4 ]K 4 , 
and potassium ferrocyanide, [Fe”(CN),]K ( . 

The ammonia compounds are known as the ammina, this 
spelling of the word being adopted to avoid confusion with the 
organic amines, which have an entirely different constitution. 
The nomenclature of these compounds was originally founded 
on the colours characteristic of the various compounds, terms 
such as roseo-, praseo-, luteo-, croceo-, fuseo-, xantho-, etc., 
having been employed. A mnch more rational method is due to 
Werner, the principle of which is that the names of the various 
group contained within the complex radicle precede that of the 
metal, whereas those of the external group follow it, this being 
nothing more than an adaptation of the nomenclature frequently 
employed for organic compounds. 

Thus the well-known cobalt compound, [Cl(NH a ) 6 Co]Cl,, 
formerly known ae purpureocobaltic chloride, receives the name 
ohloro-pntammine-cobaltic dichloride, whilst the compound 
[(OH,)(NHj)jCo]C1j (roseocobaltic chloride) becomes aquo- 
pentammine-cobaltic trichloride. 1 

* Some of the metala from more then one eerie* uf oomplcx derivative!, 
eormaponding to’the different aeriei of simple eeJU. Id enter to dutlnguUh 
theae oomponnda, * apeoial nomenclature hu been introduced by Werner 
(A'eutr* /tTHcAouenpen, 1020, p. 92), according to which the valency of the 
metel ia doaigneted by the letters a-, o-, 1-, e-, en-, on-, in-, en-, for uni-, bi-, 
ter-, qu&dri-, quinqoe-, eeze-, aepte-, end oote-velent element! respectively, 
Thua among the complex halogen derivative* of the platinum metajp, the 
compound KJPtCl,] ia known aa potasaium tetraehloToplatinoete, KJUhCi,) 
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Only a few examples of the chromium amminea are here 
described. 1 Amongst salts containing the chromium complex 
as the anion are: 

6-(Hexa)ammino-chromium salts, [Cr(NH s ) 4 ]X' 3 (luteo-salts), 
which are prepared by addition of ammonium chloride and 
ammonia to a solution of chromoua chloride and allowing the 
cold, mixtures to oxidise slowly.* Other members of this group 
are the ammino-aquo-chromium salts, in which some of the 
(NH a ) groups are replaced by (OH 2 ) groups. 5-Ammino-l- 
aqno (or aquopentammine)-cbromium salts, formerly called 
roseo-salts, are included. 

■\-Acido-5-ammiiuychromium salts, e.g., [CrCl(NH 3 ) 6 ]Cl a (pur- 
pureo-salts). This compound is obtained, together with its mono- 
aquo-substitntion derivative, [Cr(OH 8 )Cl{N'H a ) 4 ]Cl J , by the 
action of liquid ammonia on violet chromic chloride. This 
group includes tbiocyano-, nitrito-, nitrate-, etc., salts. 

2-Acido-i-ammino-iJiroimurn salts, e.y., [CrOjen^jCl,* obtainable 
in several different' ways. 

S-Acida-3-ammino-chromium compounds, e.g., [CiCl,(Nlf a )J, 
are not ionised in aqueous solution. The compound given as an 
example of this class may be prepared by adding the compound 
CrO t -3NH a (see p. 1073) to cooled concentrated hydrochloric 
acid, filtering from a bluish-green precipitate, kooping the filtrate 
for two days, and separating the greenish-blue precipitate. 

Compounds containing the chromium complex as the kation. 
4-Acido-2-ommino-chromites, e.g., [CrfSCNJ^NHjJJR'.—When 
finely divided potassium dichromate is added to fused ammonium 
thiocyanate, ammonia is evolved, and the whole maas solidifies. 
When this is treated with water, filtered, and a few lumps of 


a* potassium hexscblororhoditte and K,[PtC],] ss potaaaium hoiaohloro- 
platuwato. ThU system has been adopted to some extent in Germany, but 
has not come into general ose in England. The neutral compounds are named 
as in the following examplee: [Co(NO,WNH,),], trinitrotetramminocolialt; 
[PtClgNH,),], dichlorodiamminoplatinum. 

1 For a full account uf tho compoundi which have so far been prepared, 
referenoe muat be had to Werner, Severe AasetamJ^M, 1820; Abegg’a 
“ Handbuch dor anorganieehon Chemie, Vol. 1V, (1), 2nd half; tho literature 
quoted on page 1088, and the following papers : Weinland and Heihlon. 
fell, twerp. dun., 1813, 88, 428; Btr., 1913, 46. 3144; Weinland and 
Enagraber, 2eif. awry. Chen., 1913- 84. 368; Barbieri, Atti X. Aeead. 
Lineei, 1915, [S], 24, i, 016; Weinland and Spanagel, Her., 1816, 49, 1003. 

1 Jorgensen, J. pr. Ckem., 1884, [21,30, 1. 

• The aytnbol "en" is used for the etbylenadiamine group, 
NH|QH| CHj'NHn corresponding to two ammonia groups. , 
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ammonium chloride are added, garnet-red scales of the salt 
[Cr{SCN) 4 (NH J )JNH t separate. 
fhAcido-l-ammino-diromites are unknown. 

6-Acido chromite, M'JCrX,], no longer " ammines ” since they 
contain no ammonia groups, include such compounds as the 
chromioyanidea, chromioxalates, chromisulphates, etc. 

A number of compounds have been described which contain 
organic amines, particularly ethylenediaminc, and compounds 
such as pyridine, in the complex radicle in place of ammonia, 


Isomerism of Complex CArowiion Compound^. 

A number of different types of isomerism 1 arc known to which 
the complex chromium compounds are subject. It will be possible 
to mention each of these only very briefly. 

1. Polymensm. —Certain complexes may be regarded as, 
polymers of simpler ones, although widely different in constitu¬ 
tion. Thus there are seven distinct compounds which possess 
the composition Cr(NH 3 ) 3 (SCN ) 3 or some multiple thereof. 

2. Co-ordination isomerism. Compounds with the same mole¬ 
cular formula may possess entirely different structural formula) 
from tho point' of view of their ionisation and co-ordination 
relationships, eg., 

[Co(NH 3 ),r-[Cr{CN),r and [0r(NH 3 ) a ]'" [Co(CN) e ]"'; 

[Cr(NH 3 )j]-[Cr(C 2 0 4 )j] and ^{NH^C.O.JJ'lCrlC.O.l^NH,),]. 

3. Hydrate isomerism, as exhibited and already described in 
the case of chromic chloride, of which three isomeric forms 
exist, namely, [Cr(0H,) 4 p 3 (violet), [CrCl(OHj) 6 ]Cl 3 ,H t O (light 
green), and [CrCl 3 (0H,) 4 ]Cl l 2H 1 0 (dark green). 

4. Ionisation metamerism, when different ions ore furnished 
in aqueous solution, e.g., the sulphate, [Co(N0 s )(NH 3 ) s ]S0 4 , and 
the nitrate, [Co(S0 4 )(NH 3 ),]N0 3 . 

5. Saif isomerism in which the differences exhibited are those 
between the salts of tautomeric acids, e g., nitrito- ('ON:0) and 

nitro- (^•N'sCq) groups. 

6 . Structural isomerism, e.g., [^*H 1 ) i CS] 2 -Co(SCN)j aud 
(NH 4 SCN) 3 Co(SCN)j, in which case the distinction is that 
between the thiocarbimido- and tbicyano-groups. 

1 This ratyoct is disoMod at tome length in Womer’i " Never* Arjchau- 
vii gtn," 1920, p. 327 at icq. 
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7. Co-ordinative position isomerism, e.g., 

[cUNH^Co^^CofNH^aJO, and 

f(NIl,),Co^ s H *>Co{NH a ) 2 Cl s ]ci 1 . A similar difference exists 

between symmetrical and unsymmetrical dichloroethane, 
CH 4 Cl CH a Cl and CHj CHCl,. 

8 . Geometrical isomerism .—As an example, complex radicles 
of the type [MR„X,] may be cited. The metal atom is regarded 
as situated at the centre of a regular octahedron the corners of 
which are occupied by the co-ordinated groups. Two isomerides 
are then possible—the symmetrical or Irarw-form in which the 
groups X, X, are situated at opposite ends of a diagonal of the 
figure, and the asymmetrical or cw-forra, in which they are at 
adjacent corners, thus: 


It X 



cu-Form. Asymmetric. fonu-Form. Symmetric, 


Of the same class are the platinous complexes, e.g., 


R X R X 



9. Optical isomerism .—There is no difference between the 
configuration of a trans-Iona and its mirror-image, but in the 
case of a cw-form it is possible to obtain two distinct configurations 
which are not identical, but bear to one another the relationship 
of mirror-images, thus : 1 

en 


. e P 

1 The symbol “ en " U tued tn etkylenedUmine, NH,CH 1 CH,NH t , which 
coiTcepoodj to two ammonia group*. 





DETECTION AND ESTIMATION OP CHROMIUM iwa 

10. Valency isomerism, e.g., 

Crt(NH,) t ]X a • CrtfNHjlJX, 

and ^>0~HX 

• OrHNHJJX, CrtfNHjljjX, 

rhere certain of the molecular components may be linked to a 
entral atom by either of the two types of valency (principal or 
uxiliary), 

Detection and Estimation or Chromium. 

483 Chromite salts in solution are unstable, readily becoming 
inverted to green chromic salts with evolution of hydrogen; 
;he solutions are therefore strong reducing agents. Chromic 
salts and the corresponding sesguioxide have a characteristic 
;reen or violet colour; with boras or miorocosmic salt, both in 
oxidising and reducing dames, an emerald-green bead is produced. 
In aqueous solution, ammonia 1 gives a gelatinous precipitate of 
the hydroxide, Ct(OH)„ which partially dissolves in excess of 
ammonia, yielding a violet solution which contains complex 
ammincs; complete precipitation of the hydroxide is, however, 
attained from boiling solutions. By substitution of sodium or 
potassium hydroxide for ammonia, a solution of the chromic 
hydroxide, at first precipitated, in excess of the alkali is obtained; 
this is TegaTded both as a solution of a chromite and as a colloidal 
solution. On boiling, almost complete precipitation takes place : 
Cr(OH), + KOH ^ 2H,0 + CrO(OK). 

Oxidation of green chromic salts to chromates having a char¬ 
acteristic yellow colour is readily effected. For qualitative 
purposes, it is sufficient to boil a solution of the salt with excess of 
Bodium peroxide, sodium hypochlorite, or with nitric acid and 
lead dioxide,* but oxidation by fusion with a mixture of sodium 
carbonate and sodium peroxide conveniently admits of quantita¬ 
tive application. 

The chromium salts do not impart any colour to the non- 
luminous gas flame. The spark spectrum of the metal is a com¬ 
plicated one, the brightest lines being 6208-8, 6207-4, 6204-7 in 
the green, and 4289-9, 4276-0, 4254-5 in the dark blue* 

1 Ammonium sulphide, or a mixture of potassium iodide sod potassium 
iodate, may also be employed. 

* Temi, 001*., 1913,43. il, 83. 8ee also Browning, J. Atur. Ckm. 8oc„ 19*1, 

48, U*. 

'The infra-red spectrum haa been examined by .Randall and Barker, 
A ttrojAyi. 1910, 40, 54, and the X-ray spectrum by Fricke. PAyn'oB Sev., 
1000 11t. *02. 
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Chromales.~U, after fusion of a chromic compound with 
sodium carbonate and sodium, peroxide or potassium nitrate the 
melt is dissolved in water, the whole of the chromium is present, 
in solution as yellow sodium chromate, NajCrO*; on acidification, 
euch a solution darkens in colour owing to production of the 
dichroraate, NajCrjO,. The reverse reaction, of course, takes 
place when alkali is added to solutions of dichromates. From 
solutions of soluble chromates, barium chloride and lead nitrate 
precipitate the respective chromates which are yellow in colour; 
mercurous nitrate yields brown, amorphous, mercurous chromate 
which on boiling is converted into a red, crystalline form, some 
basic chromate also being produced. With normal chromates 
silver nitrate yields a brick-red precipitate, Ag 2 Cr0 4 , whereas 
cold concentrated solutions of dichromates yield Ag a Cr a O,, whioh 
is darker in colour. In presence of hydrogen sulphide, sulphurous 
acid, alcohol, 1 etc., chromates suffer reduction to green chromic 
v salts, whilst in presence of hydrogen peroxide they are oxidised 
to pcrchromates. The latter reaction is very sensitive when 
carried out in dilute solutions in presence of sulphuric acid, blue 
perchromic acid being formed; although unstable in aqueous 
solution, the blue compound may be extracted with ether, in 
which it somewhat less rapidly decomposes. Another charac¬ 
teristic reaction of the chromates consists in the formation of 
red vapours of chrorayl chloride, condensing to a red liquid, when 
a chromate is heated with a chloride and ooncentrated sulphuric 
acid. An intense blue coloration is, moreover, produced by 
a-naphthylamine in presence of tartaric acid.* 

Estimation of Chromium .—Chromium may be estimated 
gravimetrically—in the case of the chromic salts as chromic 
oxide, and in the case of the chromates as mercurous chromate—or 
volumetrically by taking advantage of the oxidising action of 
chromates on ferrous salts, potassium iodide, etc. In view of 
the ease with which chromic salts are converted into chromates 
and vice vend, the choice of the method suitable in any particular 
case is of the widest. 

In order to estimate chromium gravimetrically in the chromic 
salts, a hot solution is precipitated with a very small excess of 
ammonia,* the solution-boiled till the free ammonia is nearly 

1 For the photochemistry of thii reaction, see Plotoikow, Ztit. wiw, 
Pkoiockn.. 1919,19, 40. 

* Van Eck, Citn. WttkOai, 1918, IS, 8. 

* The addition of 2 c.e. of 2^ per cent, tennis acid eolation to the liquid 
befor# the addition of the ammonia greatly facilitate* tbs eubeoqnent filtration. 
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all expelled, and the precipitate well washed with hot water, 
dried, ignited in a platinum crucible, 1 and weighed. Calcium 
and magnesium salts, if present, take part in the reaction with 
formation of insoluble chromites, but it has recently been stated 8 
that these elements may be removed by washing the precipitate 
with a boiling 5 per cent, solution of ammonium nitrate. 

In the chromates, the gravimetric estimation of chromiilm !b 
usually carried out by addition of mercurous nitrate to a solution 
made slightly acid with nitric acid, and boiling the mixture. 
The red, crystalline precipitate of mercurous chromate bo ob¬ 
tained yields on ignition a residue of chromic oxide. Methods 
depending on the precipitation and weighing (as sudh) of silver, 
barium, and lead chromates have also been employed. 

Soluble chromates may be estimated volumctrically by direct 
titration with ferrous salts, using potassium ferricyanide as an 
external indicator, or by an iodomctric method, 

K 3 Cr 2 0 7 + 6KI + 14HC1 = 8KC1 + 2CrCl s -f 7H*0 +3I„ 

the liberated iodine being titrated in the usual way with sodium 
thiosulphate solution. The valuation of chrome iron ore is 
commonly carried out by this method, the mineral being 
previously fused with an alkali and an oxidising agent, in order 
to convert the chromium into a soluble chromate. 

It is possible to differentiate between chromate and dichromate 
when present together in solution by an acidimetrio method.* 

Atomic Weigh, of Chromium .—The older atomic weight 
determinations gave varying results, owing to tho inexact 
methods and impure material employed. Berlin* obtained 
the number 52-5 by the analysis of silver chromate, whilst 
Kessler obtained 52-3 from the determination of the equivalent 
quantities of potassium dichromate and potassium chlorate 
required to oxidise arsenious oxide to pent oxide. 4 Siewert* 
found 52-07 by the analysis of violet chromic chloride and of 
silver dichromate, and Baubigny 7 got 52-14 by the conversion 
of chromic sulphate into the trioxide. Rawaon, 8 by the conver- 

1 Rothang, Zeit.anorg. Ckem., 1913, M, 185; Bohware, Btlv. ('him. Acta. 
1920, 3, 330- It is necessary to avoid formation, not only of complex omininos, 
bnt also of chromic chromate. 

■ Toporescu, Compt. rend., 1921,172, 800. 

* Sac her. Farbcmtit., 1918, 22, 213. 

‘ Annakn, 1S44, 60, 207; 1845, 80,182. 

* Pogg. Aj ib„ 1881,113, 137. ' Ztii. fee. Batumi"., 1801, \7. 630. 

’ Ccmpt. rend., 1884, 98, 148. ' Joum. Chen. See., 1889, 56, 213. 
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sion of pure ammonium dichromate into chromium trioxide, 
found the value 52-15, and Meineke 1 obtained the’average 
figure 52-12 by estimating (1) the quantity of silver and chromium 
in silver chromate and ammonio-eilver ohromate; ( 2 ) the quantity 
of oxygen in these two compounds; (3) the quantity of oxygen 
in potassium dichromatc; and (4) the quantity of oxygen and 
of chromium in ammonium dichromate. More recently, Baxter 
and others , 8 by reducing silver chromate or dichromate with 
sulphurous acid or hydrazine sulphate, and then precipitating 
the silver as chloride or bromide, havo found 52-01 ± 0-01 for 
the otomic weight of chromium. The value now (1922) adopted 
is 52-0. ' 


MOLYBDENUM. Mo = 96 ’o. At. No. 42 . 
v 484 The name Molybdano, which occurs in the writings of 
Dioscorides and Pliny, is derived from the Greek word fi6\ i/£ 6 o?, 
lead, and was originally employed for the designation of a variety 
of substances containing lead. At a later time the name was 
used to signify galena or substajices similar in appearance to 
this body, and to these the name of plumbago or black lead was 
also given. Even antimony sulphide and pyrolusite, to which 
latter mineral Linn a; os gave the name molybdtBnum magnesii, 
were also classed among the same group of bodies. At a still 
later period this word was applied solely to graphite and to the 
mineral sulphide of molybdenum, which are very similar in 
appearance. 

The difference between plumbago and the sulphide of 
molybdenum was first pointed out by Scheele in his treatise on 
“ Molybdeena ” in 1778, and in another on “ Plumbago ” in 
1779. 8 By heating the former mineral with nitric acid he obtained 
sulphuric acid, together with a peculiar white earth which he 
recognised as an acid-forming oxide, and termed acidum molyb- 
damcB, and he assumed that the mineral was a compound of this 
acid with sulphur. In 1781 Bergman suggested that the earth 
was probably a calx of a metal, and in 1782 he wrote that Hjelm 
had succeeded in preparing the metal, though the dotails of the 
experiments were first known in 1790. 

Another mineral containing molybdenum is the yellow molyb¬ 
date of lead or wulfenite first found in Carinthia. This was 
investigated by the elder Jacquin, and he showed that it contained 

1 Annaka, 1891. Ml, 339. l J. Amtr. Chtm. Sot., 1909, a, 629, 641. 

1 Yttmt. Acad. Band!. 
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lead, but was doubtful as to the nature of the acid with which 
this metal was combined. Sakwedel, who analysed it in 1790, 
believed that it was a lead tungstate, but Klaproth in 1797 
ascertained its true composition. Later Berzelius more closely 
examined the molybdenum compounds. 

Molybdenum is usually found as molybdenite, MoSj, which 
occure chiefly in Queensland and the United States; also as 
wulfenite, PbMo0 4 . It occurs more Tarely as molybdic ochre, 
which was for a long time believed to be molybdenum trioxide, 
MoOj. Schaller, 1 however, from the analysis of a pure sample 
from Westmorland, New Hampshire, has shown it to be a 
hydrated ferric molybdate, Fe,0„3Mo0 3 .7JH 2 0. "Iron ores 
frequently contain traces of molybdenum, and hence this metal 
is also found in pig-iron as well as in the slag. Thus the iron 
slag obtained in the process of melting the cupreous schist at 
Mansfield is said to contain from 9 to 28 per cent, of molybdenum. 2 
Chillagite* has the composition PbOWO s ,PbOMoO s and 
powellite, CaMo0 4 , in which a portion of the molybdenum is 
usually replaced by tungsten. 

Metallurgy of Molybdenum. —Metallic molybdenum is obtained 
either electrically or by the “ thermite ” process. 

By tho electrical method, molybdenite is heated in a carbon 
tube with an arc of 3130 amperes at 60 volts, when sulphur dioxide 
is evolved; the current is then increased to 900 amperes at 
50 volts, when complete fusion takes place and the sulphur is 
entirely expelled. The metal prepared in this way, however, 
contains from 5 to 7 per cent, of carbon, which may be removed 
by heating with molybdic oxide. Molybdenum melts at 2450° ± 
30°.* 

A metal of 98 to 99 per cent, purity, containing some iron and 
very small quantities of silicon, is obtained by the reduction of 
molybdic oxide by means of aluminium powder. 

Molybdenum is chiefly used in the form of rich ferromolyb- 
denum alloys for the manufacture of special steels.* It 
also finds employment in the construction of certain electrical 
apparatus, and, in the form of molybdic acid, is used in analytical 
laboratories for the estimation of phosphorus. 

9 • 

1 Amer. J. Sci., 1907, [4], 21, 207. » Heins, J. pr. Chtn., 1930. 9. 177. 

• UUmeno, J. Hoy. Soc. S.S.W., 1912, 46, 188; »ee «l>o Cook, -liner. J. Sci., 
1922, [BJ, 4. 60. 

‘Von Pireni and Moyer, Zcit. EkUndtm., 1912, 1A 137; Wolf, Ckcm. 
Zmtr., 1918, i, 60S, gives the freezing point M 2250°. , 

•See Monnioke, BUHrociem. Zcit. 1913, 20, 181, 215, 280, 271; Altchbon, 
■I’™**. (IhM. Boc.. 1916,107. 1531. 
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Metallic molybdenum may be obtained on the small scale as 
a grey powder, which assumes a silver-white appearance under 
pressure, by heating the trioxide or one of the chlorides in a 
current of hydrogen, but is beet prepared by heating a mixture 
of molybdenum dioxide with one-tenth of its weight of sugar 
charcoal in a carbon crucible in the electric furnace, the action 
of the arc being stopped before the portions in contact with the 
crucible have had time to fuse. It is thus obtained free from 
carbon, whereas if too strongly heated it takeA up the latter in 
considerable quantities. The pure metal is aB malleable as iron, 
and is not hard enough to scratch glass, has a density 1 of 10-281, 
and can be forged when hot; it scarcely undergoes oxidation at 
the ordinary temperature, but is superficially attacked at a dull 
red heat, and rapidly at 600°, molybdenum trioxide subliming. 
It is rapidly attacked by fused potassium chlorate and nitrate. 

_ It may be distilled in the electric furnace, giving a vapour which 
solidifies in crystals.* When coarsely powdered it is attacked 
by fluorine at the ordinary temperature, by chlorine at a dull-red, 
and by bromine at a cherry-red heat, but not by iodine at the 
softening point of glass. When njolybdenum filaments are heated 
in nitrogen, nitrides are probably formed.* 

The metal is insoluble in dilute acids with the exception of 
nitric acid, but dissolves in concentrated sulphuric acid, the solu¬ 
tion being first blue, but finally becoming colourless with forma¬ 
tion of the trioxide, sulphur dioxide being also evolved. It is 
slowly attacked by fused alkalis. At high temperatures it is 
attacked by water vapour with liberation of hydrogen and 
formation of the dioxide . 4 In the potential series, molybdenum 
falls between Hg' and Sb" 1 . 

Molybdenum forms amalgams which may be obtained by the 
electrical method. When these amalgams are distilled tn vacuo, 
molybdenum is left behind in the pyrophoric state , 5 

Although not obtainable by reduction of ita compounds, 
molybdenum in a colloidal form has been prepared by an electrical 
dispersion method . 5 


* MSIler, J. Amer. CAem. Sec., 1915, 37, 2048; bnt Wolf, CAem. Zentr., 
1918, i, 608, gives 8-05. 

■ Moiasan, Compt. rend., 1900, 142, 425. 

* Langmuir, J. Amer. CAem, Sec., 1019, 41,187. 

4 See Cbaudron, Compt. rend., 1920,170. 182,1058. 

* FiSrfe, Compt. rend., 1896, 122, 733. 

•Srjdberg, “HenteUung kolloider L5*ungen Morgan i»c her Stofle” 
(Dresden, 1909). 
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MOLYBDENUM COMPOUNDS. 

Molybdenum and Oxygen. 

485 Molybdenum combines with oxygen to form: 

Molybdenum sesquioxide, Mo,0 3l 
Molybdenum dioxide, Mo0 2 , 

Molybdenum trioxide, Mo0 3 . 

The first two are basic oxides, but very little is known of 
their salts other than the halogen derivatives, the complex 
thiocyanates of the first, and the complex cyanides of fhe second. 
The trioxide is the most important, and like tbe analogous 
chromium oxide is an acid-forming oxide giving rise to the impor¬ 
tant scries of molybdates. A blue oxide, which is usually regarded 
as a combination of the dioxide with the trioxide, is also known, 
but its composition is not definitely settled, whilst an oxide, 
MojOj, and a peroxide have also been described. 

The compound formerly described as a hydrated monoxide 
has been shown to bo the hydroxide of molybdenum sesqui- 
oxide; nor arc simple salts of the hypothetical monoxide 
known, but only polymolecular complexes. 

Molybdetium Sesquioxide, Mo,0 3 , is stated to be formed as 
a black substance when one of the higher oxides is treated with 
sodium amalgam, zinc, etc., but it is doubtful whether the pro¬ 
duct really has the composition Mo 2 0 3 . It is also formed by 
heating the metal in air or water vapour. The hydroxide, Mo(OH)„ 
is first obtained as a brownish-black powder by precipitating 
with ammonia, washing with dilute ammonia, and drying in 
a current of hydrogen at 100°. When gently ignited in absence 
of air, the water evolved causes partial oxidation. A black 
precipitate of this hydroxide is also produced when molybdenum 
dichloride is boiled with caustic potash, hydrogen being evolved 
during the reaction . 1 The hydroxide is also reported to have been 
prepared by an electrolytic method,* and by reduction of ammo¬ 
nium paramolybdatc in solution by hydrogen in presence of 
colloidal palladium.* Molybdenum sesquioxide is insoluble in 
acids, and even the hydroxide dissolves only with difficulty. 

1 Muthmmn and Nagel, for., 1898, 81, 2009. 

1 Smith and Hoskiaeon, Ama. Ckcm. 1888, 7, 90; Woli, Cktm. Ztntr,, 
1918, i, 808. 

• Pool and Banner, Ber., 1918, 48, 220. 




1100 


MOLYBDENUM 


• • 

Sails of the Setquioxide. —With the exception of the metaphos- 
phate, simple salts axe not known in _ the crystalline form, 
although solutions of the hydroxide in acids yield amorphous 
residues on evaporation. A complex pyrophosphate 1 and oxalate 
containing tervalent molybdenum have, however, been prepared. 

Molybdenum Dioxide, MoOj, is formed when the sesquioxide 
1b gently heated in a current of air, or when sodium trimolybdate 
is ignited for several hours in a current of hydrogen. It is the 
only oxide formed when molybdenum trioxide is reduced by 
heating in hydrogen, 2 and may be prepared pure by heating 
this oxide first at 470° in a stream of the gas, and then in a 
current ot dry hydrogen chloride, when any unchanged trioxide 
is converted into a volatile oxychloride and thus removed. 9 
It is formed also when ammonium molybdate is heated alone or 
fused with molybdenum trioxide, 1 and the product may be 
purified by washing successively with caustic soda, hydrochloric 
acid, and water, and then dried at 110°. The pure oxide is a 
brown or violet-brown, crystalline powder, and is reduced 
directly to the metal when heated at 600° in hydrogen. It is 
obtained in dark blue prisms resembling indigo by fusing sodium 
trimolybdate with one-third of its weight of sine, and extracting 
the mass alternately with caustic potash and hydrochloric acid; 9 
this product, however, always contains a little admixed zinc 
molybdate, but it may be obtained pure by fusing together 
8 grams of fused ammonium molybdate, 14 grams of potassium 
carbonate, and 7 grams of boron Besquioxide, and extracting 
the cooled melt with water. It then forms opaque tetragonal 
crystals, having a violet reflex, and is insoluble in boiling 
hydrochloric acid and caustic potash.* 

Molybdenum Telrahydroxide, Mo(OH) 4 .—It is probable that 
by interaction of alkalis with solutions of the reduction products 
of molybdic acid, only impure molybdenyl.hydroxide, Mo(OH),, 
has been obtained, and not the tetrahydroxide as claimed. If, 
however, ammonium paramolybdate in aqueous solution is 
reduced at ordinary temperatures with hydrogen in presence of 
colloidal palladium, a greenish-black precipitate is obtained 
which hag a composition corresponding approximately to 

1 Rosenheim and 'ftiantaphyUidej, Sir., 1915, 48. 682. 

« Guichard, Ctmjt. teed., 1839,128, 722. 

’ Fnedbeim and HoBmann, Bet., 1902, 38, 791. 

• Guicbard, Comj*. rend., 1899,128. 722; 1900,181. 098. 

• Ullik, Amakn, 1887,144, 227. 

• Huthmann, dnnofen, 1887, 888 114. 
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MoO(OH ),, 1 By a modification of the procedure, the compound 
can be prepared in a colloidal form . 8 

Salt* of the Dioxide. —With the exception of the chloride, 
bromide, and sulphide, which are prepared by dry methods, 
and possibly the fluoride and iodide, these are known with but 
little certainty; even in solution there is liability of confusion 
between the salts in question and a mixture of those of quin- 
quevalent and tervalent molybdenum, On the other hand, a 
fairly large number of complex cyanides containing quadrivalent 
molybdenum have been prepared. 

Molybdenum Penlahydroxide and At Oxide, Mo t O t .—It has 
already been mentioned that claims of the earlier investi¬ 
gators to have prepared the teirahydroxide by interaction of 
alkalis with the reduction products of molybdic acid have not 
been substantiated, but that more or less impure molybdenyl 
hydroxide, MoO(OH)j, the hydroxide of quinquovalent molyb¬ 
denum, results. Klaaon 3 prepared the compound, by treating 
ammonium molybdenum oxychloride, (NH i ) 1 Mo v OC 1 5 , with 
ammonia, as a brown substance which gives a colloidal solution 
with water. It is insoluble in alkali hydroxide solutions, but 
soluble in those of alkali cafbonates, though it possesses no 
acid properties.* 

When the hydroxide is heated in a stream of carbon dioxide, 
a residue of the oxide, Mo,O c , is obtained as a violet-black powder. 
The existence of pure compounds of this composition is, how¬ 
ever, doubtful. 

Among other compounds containing quiqoevalent molybdenum 
must be mentioned tho pentachloride, the double thiocyanates, 
the sulphate, Mo,0j(80 4 )„ and a series of complex oxalates. 
Barbieri 5 has prepared double molybdyl formates and oxalates 
containing the radicle Mo'O,. 


Molybdenum Trioxide and Molybdic Acid, 

486 Molybdenum Trioxide, MoOj, was supposed to occur as 
molybdic ochre, but this has been shown to be hydrated ferric 

1 Paal and Brilnjes, for., 1914, 47, 2214; Paal and BOttner, for,, 1918, 48, 
220 . 

• See al«o Freundlioh and Leonhaidt, Koll. Chtm. BtiiefU, 1916,7,172. 

• Klaaon, for., 1901, 84, 148. 

4 Mawrow and Nikolow, foil flnwS- Cktm., 1916, 8S. 136, diaagree with 
this atatamenh 

• Barbieri, Atti B. Aaad. Linui. 1916, [6], £6, i, 776. 
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molybdate. Gagarina 1 states, however, that he has found 
pure molybdic oxide as white or grey pseudomorphs after molyb¬ 
denite in specimens from the Ilmen Mountains, It has a pearly 
lustre and is aemi-tranaparent. It has probably been obtained 
by the oxidation of molybdenite which occurs there as pure 
sulphide without a trace of iron. 

In.order to prepare the trioxide in the pure state on the small 
scale the native sulphide may be heated in a combustion tube 
in a current of air until it is all oxidised and the trioxide sub¬ 
limed. 1 On the laiger scale, it may be obtained by mixing the 
same powdered mineral with an equal weight of pure quarts 
sand, and roasting the mixture on a fiat iron plate. The roasted 
product is then boiled with dilute ammonia, and a small quan¬ 
tity of ammonium milphide added to the solntion in order to 
precipitate the copper. The filtered liquid is then evaporated 
to dryness, and the residue again dissolved in dilute ammonia. 

''Crystals of ammonium molybdate are obtained from the filtrate 
on concentration. • These are decomposed by nitric acid, evapor¬ 
ated to dryness, and the residual trioxide well washed with 
water. Molybdenum trioxide can also be obtained from native 
lead molybdate by first treating the mineral with dilute hydro¬ 
chloric acid in order to remove iron, zinc, etc., thon decomposing 
it with hot concentrated hydrochloric acid, evaporating down 
and digesting with dilute ammonia, when ammonium molyb¬ 
date remains in solution and can be crystallised out as already 
described.* The ammonium molybdate may also be converted 
into the trioxide by being ignited in a platinum dish and sub¬ 
sequently heated to a dull red heat in a current of oxygen. 4 

Molybdenum trioxide is a white, impalpable powder, which 
when heated becomes yellow; it melts 6 at 795° to a dark yellow 
liquid, which, on cooling, solidifies to a yellowish-white, fibrous, 
crystalline mass, having a density of 4-696. It volatilises at 
very high temperatures when heated in closed vessels, but in 
the air it sublimes more easily, depositing small, colourless, 
transparent, rhombic tablets. It dissolves in 600 parts of cold, 
and in about 960 parts of hot water. The solution reddens 
litmus paper, turns turmeric paper brown, and possesses a sharp 
metallic taste. 

Molybdic Acid, HjMoO^HjO or Mo0 4 ,2H s O, crystallises out 
in yellow crusts when three parts of ammonium molybdate are 

> Bun. Acad. 3d. 8t. Ptleribm rg. 1907, 287. 

* Wohler, vlmiofen, 1886,100, S7G. * Wilder, ilineralaiuiiftc, 146. 

* Mulhmun, Annakn, 1887,238,117. 

* Jiegtr sad Cermi, ZciU morg. Chtm^ 1921,112,148. 
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dissolved in twenty parts of water, tie same quantity of nitric 
acid of specific gravity. 1*16 is added, and the whole set aside. 
The deposition of the acid frequently takes place only very 
slowly, and the addition of a crystal of the compound renders 
its separation more easy. 1 

When the solution of the trioxide in nitric acid is allowed to 
evaporate spontaneously, a white, crystalline powder separates, 
which on heating loses water (Berzelius). This consists of the 
anhydrous acid, HjMo0 4 , which was once obtained by Ullik in 
the form of thin, prismatic crystals by the decomposition of 
magnesium molybdate with nitric acid. It is also formed when 
the yellow acid is heated at 60°, or its solution in water con¬ 
centrated at 40-50°, and is thus obtained in white needles which 
are very sparingly soluble in cold, but more readily in hot water.* 
Two forms arc distinguished as the a- and (5-forma respectively. 

Colloidal Molybdic Acid. —When the hydrochloric acid solution 
of ammonium molybdate is dialysed, a yellow, strongly acid, 
.astringent solution of molybdic acid remains, which on evapora¬ 
tion yields a deliquescent, gummy mass.* After drying over 
sulphuric acid for several weeks it has the empirical formula 
HjMojO,, but the determination of the .molecular weight by 
Raoult’s method indicates that it contains four MoO s groups. 4 
If ordinary ammonium molybdate is precipitated with barium 
chloride, and the washed precipitate decomposed with the exact 
quantity of sulphuric acid, a colourless solution is obtained, 
possessing an acid reaction and metallic taste. When dried 
over sulphuric acid for several months it has the composition 
HjMojO,, and on heating at 100°, 120°, and 160-170°, the 
residues have the compositions HjMojO,, H,Mo*0 13 and HtMo,O u 
respectively; at 250° pure molybdenum trioxido remains behind. 
Colloidal molybdic acid is rapidly reduced to the blue oxide by 
alcohol. 

Molybdenum trioxide generally behaves as an acid-forming 
oxide analogous to chromium trioxide, and unites with bases to 
form molybdates. The normal molybdates are unstable, and 
show a great tendency to form polymolybdates corresponding to 
the polychromates by uniting with further molecules of the 

1 Gmelin-Kraut, g, 171: Roeenbeim and Bartheim, Znl aaorg. Ckem., 1903, 
81 427: 1908,80,320; Graham, Jc*T*. FrmkUn /wt, 1907,181 09. 

1 Rosenheim and Davideohn, ZeU. anerj. Chem., 1903,87,314; Burger, ibid., 
1922,181,240. 

* Graham, 'joum. Chen. Soc., 1854, 19. 326 ; 8ee, however, Bruni *nd 
Pappadl, Gtuz,, 1901,81, i, 244; Rosenheim and othen, be. at. 

‘ Sabanfei, Joun. Chem. Soc., 1890, 88, 1218. 

vol. n. (n.) 
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trioxide, as many as ten molecules of MoO s combining with one 
equivalent of a basic oxide. 

The molybdates also combine with other acidic oxides, forming 
the series of salts known under the general term of the complex 
molybdates. The best known of these are the phoephomolybdio 
acida, in which a varying number of molecules of molybdenum 
trioxide and of phosphorio anhydride are combined with a 
basic oxide; similar compounds are formed by the acidic oxides 
of arsenic, sulphur, vanadium, antimony, and also of iodine, tin, 
silicon, and manganese. 1 The exaot constitution of these salts 
is not yet known. 

Molybdenum trioxide acts towards strong acids as a basic 
oxide; thus it combines with two molecules of hydrochloric 
acid to form a volatile crystalline compound, which is probably 
the hydroxychloride, MoO{OH),Cl a ; with sulphuric acid it yields 
the compound 1 Mo0 2 S0 < , analogous to the salts formed by the 
trioxides of tungsten and uranium. 

Salt formation between molybdenum trioxide and bases is 
attended by the formation of a series s of compounds of complex 
constitution. Thus there may be formed substances of the type : 

RjO-MoOj (normal molybdates) 

RjO-2MoO, (di-molybdates) 

5R,0-12Mo0j (para-molybdates) 4 
RjO-3MoO a (tri-molybdatee) 

R a 0-4Mo0 3 (tetra-molybdates) 

RjO-8MoO s (octa-molybdates) 6 
R,(MOMoO, (deca-molybdatea) 

RjO-lOMoOj (hexakaideca-molybdates) 

1 Pfchanl, Camp, rend., 1901,132. 02Bj Rosoahpini and Itiig. Zeil. awry. 
Chen., 1898,16, 78; Friedbeim ami Samelon, Ztil. awry. Chtm., 1900,84, 65; 
Rosenheim and Liebknooht, AnnaUn, 1899,304, 40; A»oh, Ztil. awry. Chtm., 
1901, 28. 273. See also: Rosenheim and Jaonickc, Beit. awry. Chm., 1012, 
37, 239; Copaux, Compl. rend., 1913, 168 1771; Mcizucuhclli and llanuoei, 
dan., 1914, 44, ii, 118; Roaenheim, Woinboig, and Pinakcr, Zeil. awry. 
Chtm., 1013, 84, 217; Roaenheim and Tiaube, ibid., 1915, 91, 75; Prandt! and 
von Biochin, ibid., 1915, S3, 45; Mawrow and Nikolow, ibid., 1915. 83, 170; 
Weinland and Caisser, ibid., 1919,108, 231; Weinland and Zimraermenn, ibid., 
1919,108 248; Forata, Compl. read., 1921, 178 681; Darmois, ibid., 1921, 
1781486; Postemak, ibid., 1921,178 597; Taunt, diet. 1921,178 43. 

» Compare Quicbaid, Compl. read., 1906,148, 744. 

• Fomin, Compl. read., 1921,178 215,327. 

4 Rosenheim, Zeil. awry. Chen., 1918, 88 139; but Copaux, Compl. read., 
1913,168 1771; Posteraak, ibid., 1920,171, 1058, legaid paramolybdatos aa 
of the form 3R,0-7MoOj. 

* Roaenheim, Felix, and Pinaker, Zeil. awry. Chem., 1913, 78, 292, wgatd 
octamolybdate* aa hydrogen-tetramolybdatoa. 
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The di-, para-, and tri-salts are sometimes called “ isopoly ” 
salts; tetra- and octa-salts, possibly derived from a sexabasic 
heteropoly-acid, are grouped as " meta ” salts. 

Sodium Molybdates.— The norma! molybdate, NajMoO,, is 
formed by fusing the trioxide with the requisite quantity of 
sodium carbonate, and crystallises from water in acute rhombo- 
hedra, containing two molecules of water; below 6° prisms con¬ 
taining 10 molecules of water separate, resembling Glauber’s 
salt in appearance; these effloresce in the air, forming the first 
named salt. The dimdybdate, NajMojO,, is formed when sodium 
carbonate and the trioxide are fused in the requisite proportions, 
and is a crystalline mass soluble with difficulty in cold and only 
slowly in hot water. A solution yields tho hexahydrate, Sodium 
paramdybdate, 5Na,0,12Mo0 3 ,36H,0, to which Rosenheim 
ascribes tho formula 1 NajHJHjfMoO^JJ.lO-OHjO is obtained 
by allowing a solution of the calculated quantity of the trioxide 
in' sodium carbonate or sodium hydroxide solution to evaporate 
spontaneously. On heating it Ioscb water, with eventual loss of 
its individuality. The trimolybdate, Na,Mo 3 0 10 ,7H s O, obtained 
in a similar manner, crystallises in large needles, 3-9 parta of which 
dissolve in 100 parts of water art 20°, and in 137 parts at 100°. 
Other hydrates have been described. The tetramdybdale, 
NajMo^jj.CHjO, 1 is prepared by the action of the calculated 
quantity of hydrochloric acid on the normal salt, and forms small, 
glistening crystals soluble with difficulty in cold, but readily in hot 
water. Sodium octamolybdale, NajMojOj^HHjO, is formed as 
clear, lustrous, raonoclinic crystals when a solution of the normal 
molybdate spontaneously evaporates in presence of the calculated 
quantity of hydrochloric acid. A Bodium octamolybdate 
crystallising with 16H,0 is said to be obtained by the action of 
sulphur dioxide on a solution of tho tctramolybdate.* Tho 
decamolybdate, NajMojjOjj^HjO, is a white, crystalline powder 
obtained by heating the normal salt on the water-bath with 
sufficient hydrochloric acid to saturate the requisite quantity 
of sodium. It is sparingly soluble in water. Salts containing 
6HjO and 22H,0 have also been prepared. 4 The compound 

1 Rosenheim, Zu't. anorg. Chen., 1916, 96. 159; various other formal® 
hive, however, been Merited; in particular, 3Na,0,7Mo0,,22H,0. 

• But aee Rosenheim and Mix, Zeil. anorg. Chen., 1913, 79, 292. See also 
Wempe, ibid., 1012, 78, 208. 

* Rosenheim, Zeil. anorg. Chen., 1807, IS, 180. 

1 UHit /finales, 1870, 153. 373; Koaenhobn and Davidaobn, Zeil. anarg. 
Chem., 1903, 87, 314; Rosenheim, and Felix, foe. at; Rosenheim, Felif and 
Pinaker, loc. dL 
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NajMc^Ou^HjO was obtained V Ullik 1 by boiling a solution 
of tbe normal molybdate with nitiic acid, It may probably 
be regarded as an acid salt of a lower type. 

Potassium Molybdates.—-The normal salt, K*Mo0 4 , obtained in 
a similar manner to the sodium salt, crystallises in microscopic 
four-sided crystals, which are readily soluble in water. It is 
trinjorphous. 3 When hydrochloric acid is added drop by drop 
to a solution of tbe trioxide in potassium carbonate until a 
permanent turbidity is produced, tbe paramdybdate of tbe com¬ 
position KjMojO^.fHjO (or 5K a O,12MoO a ,8HjO) separates 
out on standing, in monoclinic prisms; it is decomposed by 
water intq the Irimotybdaie, KjMojOu.SHjO, which forms silky, 
pliable needles. 9 By heating a solution of sodium octa- 
molybdate with potassium chloride, the telramdybdale, 
KjMojOjjJHjO, is obtained. A crystalline octamohjbdate, 
KjMo g Oj 5 ,13H,0, and hydrates of the tlecamdybdate, KjMojjOj,, 
arc also known (Rosenheim). 

Ammonium Molybdates.— The normal molybdate, (NHJ 2 Mo0 4 , 
is produced when molybdenum trioxide of an ammonium poly¬ 
molybdate is heated with excess of concentrated ammonia, and 
crystallises in four-sided prisms which are decomposed by water. 
The dimolybdale, (NHJjMojO,, separates out on evaporating 
the mother-liquor of the noxmal salt, in the form of a white,- 
crystalline powder. 4 When a solution of the trioxide in ammonia 
is evaporated, the compound (NH 4 ),Mo,0 M ,411,0 (Delafontaine) 
crystallises out in large, colourless, monoclinic crystals. This 
is the salt usually known as ammonium molybdate. According 
to Klason, 4 however, the molecular weight in aqueous solution, 
taking into account the degree of dissociation indicated by the 
electrical conductivity, shows that this salt is probably a double 
salt, (NH 4 ) 5 HjMo 3 O u ,(NH 4 )^I 4 Mo, 0„ 1 which is resolved into its 
constituents, triammonium and diammonium trimolybdates, 
when dissolved in water. On tbe other hand, Junius* gives 
the formula as (NH 4 ) w Moj,0 41 . Results of physico-chemical 
measurements show that in aqueous solution the anion is Mo^O,,, 

1 Ulik, lor. cit. 

* Huttner and l'ammann, Ztit. onory. Chen., 1906, 43, 216; Atnadori, AUi 
B. Aetai. Lined, 1814, [8] 83, i, 800; ran Kloostsr, Ztit. unary, Chcm., 1814, 
86,40. 

* Forain, Compt. rtnd., 1821, 178, 210, 327, report* the exiatenoo of two 
potaMium trimolybdatea of the tame decree at hydration. 

• Compare Elaaon, Btr., 1001, 84 183. 

• Btr., 1901, 84 163. • Ztit. unary. Cktm., 1805, 48,428. 
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consequently this Would appear to be the correct formula. 1 
The irimolybdale, (NH t )jMo 9 0 10 ,H t O, is frequently formed by 
the decomposition of a solution of the ordinary salt at a low 
temperature, when it separates out in silky needles, sparingly 
soluble in cold, but readily so in hot water. It may also bo 
formed by interaction of a solution of the ordinary paramolyb- 
date with a suitable quantity of hydrochloric acid. Other 
crystalline ammonium salts have been described, which contain 
a larger proportion of molybdenum trioxide. 1 

Calcium Molybdate, CaMo0 4 , is obtained by precipitating a 
solution of the ordinary ammonium salt containing an excess 
of ammonia with calcium chloride. It forms a white precipi¬ 
tate consisting of microscopic tetragonal pyramids. If calcium 
carbonate is boiled with an excess of the trioxide and water, 
and tho solution allowed to evaporate spontaneously, calcium 
Irimolybdale, CaMo 3 0 1# , 611,0, is deposited. The salt 
H a CaMo 9 Oj,,17HjO crystallises from a solution of the normal 
salt in the requisite quantity of hydrochloric acid. It is deposited 
in small, oblique, glistening prisms which are scarcely soluble in 
cold but readily dissolve in hot water. 

Barium Molybdate, BaMo0 4 , is obtained in tetragonal pyramids 
by fusing together sodium molybdate, barium chloride, and 
common salt, and is difficultly soluble in acids. 

When the ordinary ammonium salt is precipitated with 
barium chloride, a flocculent precipitate of Ba 3 Ho r 0 Ml 9H I 0 or 
possibly 5BaO,12MoOj,iH,0, is thrown down, which is slightly 
soluble in water. A compound, BaMo 3 Oj 0 ,3H g O, having pro¬ 
perties similar to the last salt, is obtained by precipitating a 
soluble trimolybdate. When barium carbonate is dissolved 
in soluble molybdic acid and the solution kept, oblique prismB 
of the salt HjBaMo 8 Oj 0 .17H f O are deposited; and if the 
normal salt be treated with dilute nitric acid the compound 
BaMOjOjg.IIljO is formed. This is insoluble in water and is 
not completely decomposed by acids, even by sulphuric acid. 

Magnesium. Molybdate, MgMo0 4 ,5H 3 0, is obtained by boiling 
magnesia with water and molybdenum trioxide, and evaporating 
the solution, when the salt separates out in long, glistening, 

1 Sand anil Kiwnlohr. Zeit. anorg. Chriu., 1907, 62, 08; Kcnenheiin, ibid., 
1610, M. 136; Pasternak, Compt. rend., 1020,171. 1068. 

1 Klaaon, Ber., 1901, 64, 153; ltoaenlieirn, Zeit. anorg. Chtm., 1897, 16, 
180; 1003, 64, 427; Myltua, Ber. 1903, 86, 838; Wcmpe, Zeit. anorg. Chem.. 
1912,78, 298; Barbbri, Atti B. Atxai. Lined, 1919, [6], 28. i, 360; Pwfcmak. 
lot. eft 
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transparent prisms. A heptabydrate is also known. Magnesium 
molybdate forms with the molybdates o£ potassium and sodium 
double salts such as K s MoO„MgMoO < ,2H a O, which appear to 
be isomorphous with the corresponding manganese and ferrous 
salts. Magnesium forms para-, tri-, octa-, and 16-molybdates. 

Lead Molybdate, PbMoO,, occurs native as wulfenite in orange- 
red; transparent, tetragonal tablets and octahedra, which have a 
specific gravity varying from 6 to 7. When one part of sodium 
molybdate is fused with six parts of lead chloride and four of 
sodium chloride in a closed crucible, bright yellow, translucent 
pyramids or tablets of the artificial compound are obtained, 
which have a specific gravity of 6-811. If a solution of a molyb¬ 
date be added to one of lead nitrate the same compound is obtained 
in the form of a white precipitate of high melting point. The 
only other lead molybdate known 1 has the formula PbjMo0 6 . 

Molybdenum Molybdates. —When molybdic acid is reduced in 
solution by hydrogen sulphide, sulphur dioxide, stannous chloride, 
zinc, 2 alcohol, 5 etc., a blue solution is obtained, and this reaction 
forms one of the most characteristic tests for molybdenum. 
This is due to the formation of an oxide or oxides intermediate 
between the di- and the tri-oxide, and the solutions deposit a 
blue precipitate of this oxide which contains water and is termed 
Molybdenum blue. It may also be obtained by adding a cold 
dilate hydrochloric acid solution of molybdenum dioxide 
to one of ammonium molybdate, and in several other ways. 
The solubility in water of the blue oxide varies with the conditions 
of precipitation. It is colloidal in nature, and behaves as a 
negative colloid. 

Much doubt exists as to the composition of this oxide; Raro- 
melBberg assigned to it the formula Moj0 6 = MoO,,MoOj, and 
others have regarded it as Mo s O B = MoO a ,2MoO,, whilst accord¬ 
ing to Guichard * it has the composition Mo 6 0 lt) 6H,Q = 
MoO j ,4MoOj,6H s O. On the other hand, Klason 5 states that 
more than one compound exists, and regards these as complex 
derivatives of an oxide, Mo,0 5 , and molybdic acid, analogous 
to phosphomolybdic acid. Junius 4 has obtained it at the cathode 

1 Jaeger and Gorins, ZeiL anory. Chen., 1921, II#, 1«. See, however, 
Dittlor, Ztit. Kryet. Min., 1913, H, 188; 191*, 64, 332. 

• Scott, J. Ini. Eny. Chen.. 1920, It 578. 

■ Benratb, M via. Phtixhm, 1917, IS, 253. 

• Comp*, rend., 1899, 128, 722; Roger* and Mitchell, J. Amer. Chem, Soe., 
1900,22,350; Jnniiu, Ztit. awry. Chen., 1905,49,428. 

• See., 1901,34, 148. Soe alao Bailhache, Comj*. rend., 1901,133,1210. 

• ZeiU awry. Chan., 1906,40,428. 
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by the electrolysis of molybdio acid m Btrong hydrochloric acid, 
and gives to it the formula, Ho,O a . The composition of the 
single individual compound—if, indeed, the substance is such— 
is known only approximately; it is possible therefore to ascribe 
to it various formulas in which it may be regarded a 8 a simple 
or complex molybdate of molybdenum or of the molybdenyl 
radicle. 

Several crystalline ammoniacal double molybdates have been 
described 1 of the general formula M l 1 M l, (Mo0 4 ) 2 l 2NH a , where 
M ! = K or Nil* and M" = Cu, Zn, Cd, Ni, or Co. 

Molybdates exhibit catalytic activity in several interesting 
ways, e.g., in influencing the oxidation of thiosulphates by hydro¬ 
gen peroxide to sulphates instead of, as normally, to tetra- 
thionates . 8 

487 Pkosphomolybdic Acid, P a Oj,21MoO s ,83H a O or 
H,[P(MOj0 7 ),],28H,0.—This yellow complex acid is obtained 
by the repeated treatment of the ammonium salt with small 
quantities of aqua regia, and crystallises out on evaporation 
of the combined solutions. It forms also crystalline hydrates 
containing 22 HjO and 12 H a O. 

The composition of these bodies has been investigated by 
Rosenheim and others * In common with a number of other 
complex acids, such as those containing molybdio acid in asso¬ 
ciation with silicic, oxalic, formic, arsenic, sulphurous, etc., acids, 
they are classed as “ htteropoly-acidi," the complex anion being 
composed of several anionogen radicles, of which at least one 
differs from the remainder . 4 Such compounds are subject to 

* Briggs, /cairn. Clem. Six., 1904, 85, 072. 

' Abol, Beil. Kicklnxhttn., 19L2, 18, 705; Abel and Baum, Monaleh., 101$, 
34. 425, 021. See alen BckUoir, Zeit. phytikal Clem., 1898,87, 513; Erode, 
ibid., 1901,37,299; Tiloff, ibid., 1903,45. 841; Milbauor, Aid., 1907,67, 649. 

' See Abegg. Hanibuth drr aaorp eiu e c l ea Chmit, IV, [1], ii; alan Friedhcim, 
Ztil. anorg. Clem., 1893, 4, 274; Pricdhcim and Mrachoirer, ibid., 1894, 6 > 
S3; Kebrraann, Aid., 1804, 7, 406; Levi and Spelta, Cun., 1903, 88, i, 207; 
Mlolali,’ ibid., 1903, 38, ii, 330; J. pr. Chen., 1808 [2], 77, 417; Roienheim 
and Pineker, Zeit. anorg, Chen., 1911, 70, 79; Roeenheim, Zeit. EUhlrochem., 
1911,17,694; Rceenheira and Traubc, Zn'I. anorg. Chen., 1916,91.90; Rosen¬ 
heim and Jaenicke, »//., 1012,77.239; 1917,101.247; Mawrow and Nikolow, 
Aid., 1916, 88. 170; Roeenheim and Triantnphyllldes, Her., 1915, 48, 682; 
Ephraim and Herachfinkel, Zeit. anorg. Chen., 1999,85,233,237; Ephraim and 
Brand, Aid., 1910,66, 233. 

* See Copanj, Compt. rend., 1913,158,1771; Barbieri, Aui ft. Altai. lAntei, 
1913, [6], 22, i, 781 ; Roeenheim, Weinberg, and Einaker, Zeil. tourg. Chen., 
1918, 81 217| Roeenheim and Traube, be. eit.; Roeenheim and Sohwer, ibid, 
1914,88,224. 
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certain types of'isomerism* as have already been described in 
the case of the chromiammines. 

The phoephomolybdic acids and their derivatives fall into two 
main gronps: (a) the more complex compounds, of a yellow 
colour, are derivatives of the anions [POJ T “ and [Mo s O,] K , 
(6) the less complex compounds, colourless, are derivatives of 
the anions [PO,] 1 " and [MoOJ". The yellow compound already 
mentioned belongs to the first class. A eolation of this substance 
on long keeping undergoes hydrolysis, resulting in the produc¬ 
tion of a complex phosphomolybdic acid of the formula 
Hj^P a O,(Mo a O,),]24 to 30H 2 O. Further hydrolysis of salts 
of this acid yields salts of an unstable acid containing the anion 

If the yellow phosphomolybdates are treated with alkalis, 
e.g., ammonia solution, white salts of the second clasB are obtained; 
the latter can also be produced directly from suitable proportions 
of their components, but no free acid corresponding to this group 
of salts has yet been prepared. 

Ammonium Phosphomlybdate, (NH 4 ),P0 4 ,12Mo0 3 .—This salt 
is formed as an insoluble, canary-yellow precipitate when a solu¬ 
tion of a molybdate is mixed witk ammonia, and a small quantity 
of phosphoric acid in nitric acid solution added, or when the free 
acid is added to a strongly acid solution of the ammonium salt. 
Tyro- and meta-phosphates do not yield this precipitate; it 
is formed only when they are converted into orthophosphates, 
and when this change takes place slowly the compound ib obtained 
in glistening yellow crystals (Debray). It is almost insoluble 
in water and in dilute acids and is also insoluble in a nitric acid 
solution of ammonium molybdate. The presence of hydro¬ 
chloric acid and chlorides, as well as of many organic acids, 
with the exception of acetic acid, retards the formation, whilst 
in presence of an excess of phosphoric acid no precipitation 
occurs. Phosphates are commonly estimated by this method, 
so that the recovery of molybdic acid from the filtrate is a matter 
worthy of attention. 1 It is usually effected by precipitation with 
sodium phosphate, solution of the precipitate in ammonia, and 
removal of the phosphoric acid with magnesium salts. The 
molybdenum may, howeyer, be recovered as sulphide. 

1 See Brown, J. InJ. Eng. Chin., 1918.7,213; Armstrong, ibid., 1918,7,784; 
Kinder, BUM u. Kim, 1916, 36. 1091; Rudniok and Cooke, J. Ind. Eng. Ckm„ 
1917, 9, 100; Lehner and Sehultj, Aid., 1917, 9, 6 SI; Lynaa, Cbem. MtL Eng. 
1916,189; Nenbaaerand Wolferts, ZtU. anaL Chen., 1919, 68, US; Halowan, 
Ohm.Zeii., 1918,42.410. 
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When dried above 130°, the salt always has the composition 
given above, in which the ratio P,0 6 : MoO, is 1:24, but accord¬ 
ing to Gibbs the hydrated precipitate, has the composition 
(NH 4 ) 3 P0 4 ,12MoOj,(NH 4 )jHPO|,1IMoO s ,8H 8 0; it is commonly, 
however, regarded as (NH 4 ) 3 P0 4 ,12Mo0 8l 2HN0 3 ,H a 0. It dissolves 
in 10,000 parts of distilled water, in 6,600 parts of one per cent, 
nitric aoid, and in 650 parts of hydrochloric acid of specific 
gravity M2. It is readily soluble in alkalis, and on allowing 
the ammoniacal solution to stand, glistening needles or prisms 
having the composition 2(NH 4 ) 8 P0 4 ,5Mo0 3 ,7HjO separate. 
These are sparingly soluble in cold, readily in hot water, forming 
a slightly acid liquid. 

1‘hoaphomolybdic acid also precipitates strongly acid solutions 
of the salts of rubidium, caesium, thallium, and the organic alka¬ 
loids, but not solutions of sodium or lithium salts. The heavy 
metals are also not precipitated if a sufficient amount of free 
acid be present. This acid is used as a reagent for the alkaloids 
or, in place of this, a liquid prepared by saturating a solution 
of sodium carbonate with molybdenum trioxide, and adding 
one part of sodium phosphate to every part of the trioxide, may 
be employed; this solution is evaporated to dryness, the residue 
fused, dissolved in water, filtered, and nitric acid added until 
the liquid becomes yellow. 

Complex Arsenomoiybdic acids likewise exist. 

Permolybdic Acid. —The molybdates when treated with hydro¬ 
gen peroxide in acid solution give a yellow coloration, but the 
yellow substance cannot be extracted with ether. If molybdenum 
trioxide be treated with hydrogen peroxide on the water-bath, 
and the mixture evaporated under diminished pressure, per¬ 
molybdic or ozomolybdic acid} HjMoOj.nH.O, is obtained as an 
orange-red, amorphous substance. Potassium trimolybdate dis¬ 
solves in hydrogen peroxide, yielding an orange-yellow solution, 
whioh on concentration at a moderate heat yields yellow crystals of 
potassium pemdybdaU', this, according to Muthmann and Nagel, 8 
has the composition K 8 0,2Mo0 8 ,Mo0 J ,3H 1 0. These chemists 
have Bhown that the molybdates of the alkali metals, when 
dissolved in hydrogen peroxide, can take up more oxygen to the 
extent of one atom or less per atom of molybdenum; in this way 
they have prepared a number of permolybdates, which readily 
lose oxygen on heating. 

1 Muthmann and Nagel Da., 1808, SI, 1838. 

• Zat. morg. Went, 1898, 17, 73. Compare Pochard, Crmpt. rend, 1891, 
lift 720. 
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A compound, kjOj.MoOg.HjO,, is formed by the action of 
hydrogen peroxide at — 2 ° on a solution of potassium per- 
molybdate containing potassium hydroxide, followed by alcohol 
at —12°. This is a brick-red mass which explodes spontaneously 
when preserved in quantity, and loses oxygen on exposure to the 
air, or on treatment with water . 1 

There are also known both red and black perthiomolybdalej of the 
composition RMoS s and RMoS, respectively, and oxyfiuorty 
permolybdates, e.g., KjfFjMoOjOjjJ.HjO, 


Molybdenum and the Halocens. 

488 Normal salts of bivalent molybdenum are unknown; corre¬ 
sponding polymolecular complexes exist, but these do not yield 
the simple doubly-charged molybdenum ion. 

Molybdenum Dichloride, MOjCl,, is prepared by heating the 
' trichloride in a current of dry carbon dioxide: 

2MoCI 3 = MoClj + MoC1 4 . 

The tetrachloride volatilises, leaving the dichloride as a sulphur- 
yellow, amorphous powder, which does not alter in the air, and 
does not dissolve in water but is soluble in alcohol or ether, 
separating from these solutions in the amorphous condition.* 
The dichloride is conveniently obtained a by passing carbonyl 
chloride over powdered molybdenum at 700-800°, when a small 
quantity of the pentachloride sublimes, and the metal gradually 
becomes coated with a heavy, protective layer of the dichloride, 
which is removed by extracting it with concentrated hydro¬ 
chloric acid. It is also produced when chlorine, mixed with a large 
excess of carbon dioxide, is passed over gently heated molybdenum 
in absence of oxygen . 4 It is soluble in the hydracids, in hot sul¬ 
phuric acid, and in the alkalis, yielding compounds which must 
be regarded as salts of the radicle (Mo,C 1 4 ). Thus the hydrate. 
[Mo 3 ClJCl 1 ! ,3H a O, crystallises from the hydrochloric acid solution, 
on keeping, in pale-yellow plates insoluble in water, but when 
the solution is evaporated long prisms having the formula 
Mo,Cl t ,HCl,4H,0, are deposited, Similarly, the solutions in 
alkalis contain compounds of the type [1 Io 3 CIJ(0H),. The 

■ MelikoS sod Kuarjewsky, Be r„ 1898, 81, 632. 

* Liechti and Kempe, Atnakn, 1873,169,351. 

* Lindner and other*, Ber., 1922,55, [B], 1458. 

* Blomitrad, J- pr. Ohem., 1850,77, 99; Wolf, Cion. 2ntfr, 1918, i, 608; 
Lindner and other*, Ux. ciU 
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molecular weight of the dichloride in alcohol corresponds to the 
formula Mo a Cl*. 1 

Molybdenum Dibromide, MojBr,, is formed by the decomposition 
of the tribromide by heat. It is a yellowish-red, infusible mass 
which does not dissolve in water or in acids. 

Molybdenum Di-iodide, Mol,, or Mo 3 I 6 (?), is formed by heating 
the pentachloride in a current of hydrogen iodide. It is a brown, 
amorphous substance of density 4-3, and is insoluble in water. 1 

ChloTomolybdic Hydroxide, [Mo 2 C1 4 1{0H)„2]J 2 0, precipitated by 
acetic acid from a solution of the dichloride in alkali, possesses 
amphoteric properties, and forms well-defined salts with acids. 5 

Chloromdybdic Bromide, Mo 2 Cl 4 Br,,3H 2 0, is obtained by heat¬ 
ing the hydroxide or the chloride with hydrobromic acid. It 
crystallises on cooling in glistening reddish-yellow plates which 
scarcely dissolve in water or in dilute hydrochloric acid. Hydriodic 
acid forms a corresponding compound. 

Bromomolybdic Hydroxide, Mo 3 Br 4 (0]I)„8H,0.—When molyb¬ 
denum dibromide is dissolved in dilute alkali and the solution 
allowed to remain exposed to the air, or when ammonium chloride 
is added to the hot solution, the above compound is deposited 
in the form of golden-yellow; glistening rhombohedra closely 
approximating in form to the cube. These lose six molecules 
of water on drying over sulphuric acid, and assume a dark red 
colour. At 100° they, lose all their water, a fine red powder 
remaining behind. 4 

Bromomolybdic Fluoride, Mo 2 Br 4 F,,3H 2 0, is prepared with 
hydrofluoric acid in the same way as the chloride, which it closely 
resembles. 

Bromomolybdic Chloride, Mo 3 Br 4 Cl,,3H,0, is obtained as a 
pale-yellow powder on adding an excess of hydrochloric acid to 
the alkaline solution of the hydroxide. 

Bromomolybdic Sulphate, Mo a Br 4 S0 4 ,3H 2 0, can be obtained in 
the same way in the form of a yellow precipitate, whilst when 
the solution of the hydroxide is treated with ammonium molyb¬ 
date and acetio acid, bromomolybdic molybdate, MojBr 4 Mo0 4l 2H,0, 
is thrown down as a reddish-yellow precipitate. 

Molybdenum Trifiuoride has not been isolated, except in the form 

* Mutbmwin an4 Nagel, Ber., 1908, SI, 2009. See alao Koppel, Beit, mor-j. 
Chem., 1912, J7. 289. 

■ Gniehard, Compt. i tad., 1896,123,821. 

* Bloroatraod, 1. pr. Chen., 1889, 77,100. 

4 Atteiberg, Ber., 1873, 8, 1484. 
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of double salts, but it is known to east in solutions of molybdenum 
trihydroside in hydxofluorio acid. 

Molybdenum Trichloride, MoCl s , is formed when the pure 
pentachloride is volatilised in a current of carbon dioxide, the 
tube being heated strongly at one point only. The trichloride is 
deposited as a copper-red, crystalline crust. 1 If the pentachloride 
is hgated in a current of hydrogen to 260° the trichloride is 
obtained io a form closely resembling red phosphorus. 3 The 
trichloride i'b the main product of the reaction of carbonyl 
chloride and molybdenum at about 600°.* Heated in the 
air it forms a white, woolly sublimate, whilst impure di¬ 
chloride remains behind. It is insoluble in cold water and is 
decomposed by boiling water. It likewise does not dissolve in 
hydrochloric acid, though it is easily soluble in hot nitric acid, 
whilst sulphuric acid dissolves it, forming a blue solution which 
on heating becomes green. If the hydroxide is dissolved in hydro- 
1 chloric acid a.brown liquid is obtained which on evaporation dries 
to a black, pitch-like mass. By interaction with ammonia, a 
series of amido-com pounds is obtained. 

Molybdenum Tribromide, MoBr s , is formed by the action of 
bromine vapour on the heated metal; it can also be prepared 
electrolytically, 4 It sublimes as a mass of fine blackish-green 
needles which are insoluble in water though soluble in cold dilute 
nitric, and in boiling hydrochloric, acids. On boiling with alkalis 
the hydroxide is formed (Blomstrand). 

Molybdenum Tetrachloride, MoC 1 4 , is obtained together with 
the dichlorido, as has been stated, by heating the trichloride in 
an atmosphere of carbon dioxide. The tetrachloride volatilises 
as a dark yellow vapour which condenses to a brown, crystal¬ 
line powder. A better method 5 is to heat the dioxide with a 
solution of chlorine in carbon tetrachloride at 250°. When heated 
in moist air it is decomposed. It reacts readily with water, but 
is incompletely dissolved. It is only slowly soluble in hydro¬ 
chloric acid, and dissolves in concentrated sulphuric acid, giving 
a bluish-green colour. 

Molybdenum Tetrabromide, MoBr^ is formed in small quantities 

> Blomstrand, J. pr. Chon., KM, 71, 98. 

■Liecbti sad Kempo, Am., 1873, US, 344; Wolf, Chtm. Zentr., 1918, I, 
008. 

> Lindner and others, Btr„ 1922, 66, [B], 1408. 

* Rosenheim ami Braun, Zeil. unary. Chon., 1905,4S, 311. 

* Hithaol and Murphy, diner. Chem. J., 1910, 44 305. 
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in the preparation of the tribromide as black, glistening needles, 
which fuse when heated, volatilising in brownish-red vapours. 
These readily decompose into bromine and dibromide. In 
presence of air the compound deliquesces, forming a dark liquid 
giving with more water a yellowish-brown solution. 

Molybdenum Tetriodide, MoI 4 .—Liquid hydrogen iodide and 
molybdenum pentachloride yield black, insoluble crystals, 
probably of this compound. Doublo Balts have also been 
described . 1 

Molybdenum PenlacMoride, MoCl 6 .—This, the highest chloride 
of molybdenum, is formed * by heating molybdenum or molyb¬ 
denite in dry chlorine for some time, when bright, metallic, glisten¬ 
ing, black crystals are formed which meltat 194° and boil at 268°, 
giving a dark red vapour with a density of D'4-9-53, a correspond¬ 
ing to the above formula. The compound fumes on exposure to 
moist air, giving MoOjCij, and becomes coloured bluish-green, 
gradually deliquescing to a brown liquid which on dilution with 
water becomes colourless. Absolute alcohol, ether, and certain 
other solvents 4 yield green solutions, whilst chloroform, carbon 
disulphide, and nitrobenzene arc examples of solvents yielding 
red-brown solutions, which differ physically from the former; 
the chloride also dissolves in hydrochloric acid with evolution of 
■heat. It is decomposed by water with formation of the tetra¬ 
chloride, molybdic acid, and hydrochloric 3cid, 5 MoOCl, prob¬ 
ably being formed intermediately. 

When molybdenum trioxide is heated with phosphorus 
pentachloride to 170°, the compound MoCl„P0CI a is formed. It 
crystallises in dark green prisms, and when further heated 
decomposes into its two constituents. 

Molybdenum Hexafluoride , MoF„ is obtained by passing 
dry fluorine over powdered molybdenum at 60-70°, the product 
being collected in a reccivor cooled by a mixture of solid carbon 
dioxide and alcohol, and then purified by distillation. It is a 
snow-white, crystalline substance, melting at 17° to a colourless 
liquid, which boils at 35°, and is decomposed by water with 
formation of a blue oxide* It is not acted upon by chlorine, 

1 Guiohnrd, Ann. Chim. Phyt., 1001, [7], 88, 408; Rosenheim end Korn, 
hit. anorg. Ckem., 100S, 48 , 148. • 

' Lindner and othara, Btt., 1022, H, [5], 1458. 

> Dobrey, Compl. rend., 1803, 08 , 732. 

* Lloyd, J. PhyiM CW. 1013, 17, 602. 

• Quiche id, B«U. So c. dum., 1901, £3], 26, 188. 

.* RuSond Eleoer, Bit., 1007,40.2026. 
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but reacts with arsenic trichloride and antimony pentachloride; 
it is reduced and turned blue by organic compounds. 


OxY-HALtDE DERIVATIVES OE MOLYBDENUM. 

489 No oxyfluoride or oxychloride containing quinquevalent 
molybdenum is known with certainty to exist, although a con¬ 
siderable number of double salts, e.g., MoOF„2KF,ir s O and 
KjfMoOClJ^HjO, have been prepared. The former class are 
blue or green, and the latter green, crystalline substances. The 
hydroxybromide, MoO(OH)Br„l-5II,0 yields double salts of 
the types K{Mo0Br 4 ),2H,0 and K^MoOBrj). 

Sexavalent molybdenum forms a large number of deriva¬ 
tives containing oxygen and the halogens, many of which are 
volatile and crystalline, and yield crystalline double salts with 
other metallic halides. 

Molybdenyi Tetrafluoride, MoOF 4 , is formed by the action of 
anhydrous liquid hydrofluoric acid on the corresponding oxy¬ 
chloride as a white, hygroscopio body, melting at 97° and boiling 
at 180 0 . 1 It forms a double salt with potassium fluoride . 1 

Molybdenum Dioxydifluoridc, MoOjF,. is obtained by heating 
the trioxide with cryolite or lead fluoride as an amorphous 
Bublimate having a bluish tinge, which decomposes in the air 
into hydrogen fluoride and molybdenum trioxide; * it is obtained 
in solution by dissolving the trioxide in hydrofluoric acid. It 
may also be obtained by the action of anhydrous liquid hydro¬ 
fluoric acid on the dioxydichloride as a white, hygroscopic mass, 
whioh sublimes at about 270°, and turns blue in the air . 4 Crystal¬ 
line double salts are formed by dissolving the normal and poly¬ 
molybdates in hydrofluoric acid; thus potassium molybdenum 
oxyfluoride, KjMoOjFj.HjO — MoO,F a ,2RF,H,0, forms lustrous 
plates or scales, and is soluble in water. 

Molybdenyl Tetrachloride, MoOCI,, has been stated to be 
formed by the action of chlorine on a moderately-heated mixture 
of carbon and molybdenum dioxide. There is formed a dark 
green, crystalline mass, or, if obtained at a higher temperature, 
light-green plates having a metallic lustre. It is readily decom¬ 
posed by water, deliquewfing in moist air to a blue liquid, and this 

« Raff and Einer, Ber., 1B07, «, 2931. 

* Marcbetti, ZeiL anorg. Che m„ 1S95,10. 68. 

* Schultes, J. pr. Chem., 1880, 2L 441. 

* Rnfi and Elmer, Ber., 1907.40,2935. 
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on addition of water gives a bluo precipitate which becomes brown 
in presence of ammonia. It is probable, however, that it is not 
an individual compound, but a mixture of the pentachloride and 
dioxydichloride. 1 

Molybdenum. Dioxydichloride, MoO,Cl,.—This compound was 
originally supposed to be the hexachloride, its true composition 
being first ascertained by Rose. It is obtained by heating the 
dioxide in chlorine, and also, together with other chlorides, when 
a mixture of the trioxide and carbon is substituted for the dioxide. 
It sublimes usually as an amorphous mass, and melts only in 
closed vessels, in which it may be sublimed at low temperatures 
yielding thin tetragonal plates, ot mossy aggregates, Jt dissolves 
readily in water and alcohol. 

The oxychloride, MojOjCIj, is obtained by the repeated sub¬ 
limation of the “ oxytotrachloride,” and forms well-doveloped 
violet prisms, which aro decomposed on heating in the air into 
molybdenum dioxydichloride and chlorine. When heated to 
a temperature somewhat higher than that needed for its formation, 
it yields MojOjCl,, which forms pale red needles and is stable 
in the air. Oxychlorides having the composition MojOjCIj, 
MojOjCIj, and Mo 3 0,C1, have also been described. 2 

Mdybdenyl Dihydroxydichloride, MoO(OII) 4 C1,, is obtained 
by the action of hydrogen chloride on the trioxide at 100-200°, 
and is a white, crystalline substance which is volatile without 
decomposition only in an atmosphere of hydrogen chloride.* 

A number of salts of chioromolybdic acids, which may be 
regarded as molybdates in which the oxygen and the hydroxyl 
groups are partially replaced by chlorine, havo been described. 
The acid, MoOCI 3 'OH,7HgO, is obtained by the action of fuming 
hydrochloric acid on molybdenyl hydroxide, and a number of its 
salts have been prepared* 

Molybdenum Dioxydibromide, MoO g Br„ is formed when 
bromine vapour ia passed over the heated dioxide, or when a 
mixture of molybdenum trioxide and boron trioxide iB heated 
with potassium bromide: 

MoO, + B a Oj + 2KBr = MoO s B rj + 2KBO*. 

It forms yellow tablets which deliquesqp on exposure to air. 

A hydroxybromide of the composition Mo(OH) 3 Br 3 exists. 

1 Bee also KUsoo, Ber., 1901, 31 US. * Amalm, 1880,801,123. 

* Debray, Com?*, rend., 1858,16, 1101. 

• Weinland and KniSH, Btr., 1904, 87, 589; Zeil anorg. Ciem., 1905,4*. 81. 
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A number of bromoroolybdates have been described (Weinland 
and Knoll). 


Molybdenum and Sulphur. 

490 Molybdenum Sesquisulphide, MojS 3 , is obtained when the 
disulphide is heated in the electric furnace. It forme steel-gray 
needles of density 5-9 at 15°, and is converted into metallio 
molybdenum when heated to a higher temperature than that 
at which it is formed. 1 

Molybdenum Disulphide, MoSj, is found native as molybdenite 
in Sweden, Norway, Bohemia, Saxony, the Urals, at Caldbeok 
Kells in Cumberland, in Connecticut, California, and elsewhere. 
It commonly occurs in foliated masses or in scales, and sometimes 
in tabular hexagonal prisms, and in its general appearance is 
very simitar to graphite, since it possesses a metallic lustre and 
pure lead-grey colour, and leaves a grey trace on paper. It 
possesses interesting electrical properties, and between ordinary 
temperatures and a rad heat it exists in two distinct states.* 
Molybdenite generally occurs embedded in or disseminated 
through granite, gneiss, zircon-syemte, granular limestone, and 
other crystalline rocks. 

When the trioxide is fused with Bulphur, or heated in a current 
of hydrogen sulphide, the same compound is obtained in the 
form of a glistening black, powder, easily distinguished from 
graphite by the facts that when heated before the blowpipe it 
ia incombustible, that it oxidises when heated in the air with 
evolution of sulphur dioxide and formation of molybdenum 
trioxide, and that it is readily oxidised by nitric acid and aqua 
regia. 

Dimolybdenum Penlasulphide, Mo 2 S 6 ,3H a O, is produced when a 
solution of ammonium molybdate containing sulphuric acid ia 
reduced with zinc, the liquid filtered and treated with hydrogen 
sulphide. It ia a brownish-black precipitate which on careful 
dehydration in a stream of carbon dioxide yields black Mo a S t , 
It is soluble in alkali sulphide to red solutions. 8 

Molybdenum Trisulphide, MoSj, is formed when hydrogen 
sulphide is passed into the concentrated solution of a molybdate 
and hydrochloric acid is added to the liquid. It may likewise be 
prepared by boiling the molybdate of an alkali metal for a short 
time with ammonium sulphide, and then precipitating with 

* Guichard, BuO. Sac. ckim., 1000, [3], B8,147. 

> Wutermsp, Hit. Mag.. 1917, [8], & 225. ' KrOa, Ajoalcn, 18*4, W, 1. 
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dilute sulphuric acid. Thus obtained, it is a reddish-brown 
precipitate which dries to a blackish-brown powder. On heating 
in absence ot air, it splits up into the disulphide and sulphur. 
With basic sulphides it forma soluble thio-salts. 

Potassium Thiomolybdate, KjMoSj, is formed when potassium 
molybdate is saturated with hydrogen sulphide in presence 
of potassium hydroside. On evaporating the solution, the com¬ 
pound crystallises out in ruby-red four- or eight-sided tablets 
which have a green, metallic lustre, and dissolve in water to form 
a yellowish-red solution. 

Ammonium ThiotnolybdaU, (NH^jMoS^ is obtained by dis¬ 
solving the trisulphide in ammonium sulphide, and crystallises 
in cinnabar-red scales. 

A series of mono- and di-thiomolybdatee has been described 
by Kriiss. 

Molybdenum Tetrasulphide, MoS ( , is obtained by hooting penta- 
thiomolybdic acid to 140° as a cinnaraon-brown powder which 
undergoes slight oxidation in the air, The pentathio-acid 
is obtained as a reddish-brown powder by the action of dilute 
hydrochloric acid on the potassium salt. 

Potassium Pental/uomolybdate, KHMoS 4 , is obtained 1 by 
evaporating a solution of potassium dimolybdate which has been 
saturated with hydrogen sulphide, and separates in sparingly 
soluble, blood-red prisms probably belonging to the rhombic 
system. A black powder consisting of molybdenum di- and tri- 
sulphides separates out at the same time. 8 

Perthiomolybdic Acid, HMoS,.—When a solution of normal 
ammonium thiomolybdate is mixed with a solution of ammonium 
poiyBulphides, ammonium htxalhiomdybdaU or perthiomolybdate- 
separates out in black, lustrous needles, which are sparingly 
soluble in water or alcohol. By the action of caustic potash 
it yields the potassium salt, KMoS,, which crystallises in thin, 
dark-brown plates, more soluble in water than the ammonium 
salt. The free acid, HMoS,, is obtained by treating the am¬ 
monium salt with cold 10 per cent, hydrochloric acid and washing 
the product with carbon disulphide.* 

Suiphomolybdic Acid, Hj[MoO(SO t ) t (Ho0 4 )], has also been 
prepared. 4 

1 Krflsg, Ana., 1834, 88$, 1. Hofmann, Zei'f. anorg. Chem., 1890, 18, OS, 
ascribe! the formula KMoS, to thu compound. 

* Krttas, Ice. til. 

• Hofmann, he. til. 

> Meyer and Steteczny, Ztit. anorg. Clem. 1928,188,1. 
vol. n. (n.) 
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Molybdenum and Notooin, Phosphorus, Boron, Cabbo? 
and Silicon. • 

491 Molybdenum Nitride.— When molybdenum oxide 
hydroxide, or mixtures of the two are heated to 500-600° wit) 
equal parte of nitrogen and hydrogen under a pressure of abou 
60 atmospheres a molybdenum nitride is formed. Direct inter 
action, with formation of a nitride, takes place at high tempera 
tures between molybdenum and nitrogen . 1 It is also the fina 
product when molybdenum trichloride or pentachloride h 
heated in a stream of ammonia. When heated in hydrogen oi 
water-vapour, Mo,N, yields pure metallic molybdenum and 
ammonia;* its technical application as a catalyst for the union 
of nitrogen and hydrogen has been the subject of investigation. 

Molybdenum Phosphide, MoP, is obtained by strongly 
heating molybdenum trioxide and metaphosphoric acid in a 
carbon crucible. It forms a grey, vesicular mass having a metallic 
lustre and containing crystals in the cavities. On ignition in the 
air, it oxidises slowly, and it takes fire when dropped into fused 
potassium nitrate. 

Molybdenum Metaphosphate , Mo(PO s ) s , ia formed when a solu¬ 
tion of molybdenum trioxide in metaphosphoric acid is reduced 
with hydrogen at a red heat.* 

Molybdenum Boride, probably Mo 2 B, has been prepared by an 
arc method, 

Molybdenum Carbides.— The carbide, MoC, is obtained by 
fusing in the electric furnace * a mixture of molybdenum, carbon, 
and aluminium, as a grey, crystalline powder of density 8-40 
at 20°, whilst the compound, Mo,C, is formed when calcium 
carbide is heated in the electric furnace with molybdenum 
dioxide . 5 The carbonyl, Mo(CO) e , or more probably * Mo s (C0) s 
is known. 

Molybdenum Cyanides and Thiocyanates.— Tervalent molyb¬ 
denum forms a series of complex molybdo-thiocyanatea of the 
type KjMo(CNS)^4H,0; quadrivalent molybdenum forms three 
distinct series of complex cyanides 7 ; quinquevalent molybdenum 

1 Lederer, 1011; Langmuir, J. Amer. Chm. Soc., 1819,41,107. 

' D.R.-P, 218564; Aimtr. Pit. 62524, 

• Colani, Compt. rend., 19fl, 148, 489, 794; ibid., 1917,186, 185. 

4 Moiasan and Hoffmann, Compt. rend., 1004,138,1658. 

• Hainan, Compt. rend., 1897, 125, 839. foe alao Hilpert and Omateln, 
Ber., 1013, 48. I860. 

• Mond and Walli*. J. Chern. See., 1922,121. 29. 

’ Sm a ravioli by Coilanburg, leit. anorg. Cleat. 1922,121,298. 
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forms double hydroxythiocyanates of theform Mo(OH) t (CNS) 8 - Py, 
as well as complex oxalo-derivatives. 

Molybdenum Silicide, MojSi 3 , is formed as a crystalline com¬ 
pound when the oxide obtained by calcining ammonium molyb¬ 
date is heated with silicon in the electric furnace. 1 Silicides of the 
formulae MoSi and MoSij have also been described.* 


Detection and Estimation of Molybdenum. 

492 Probably the moat delicate qualitative test for molybdenum 
compounds consists in their reduction by means of stannous 
chloride or zinc, in the presence of a soluble thiocyanate; a 
blood-red coloration, due to the formation of moybdenum 
thiocyanate which is soluble in ether, indicates the presence of 
as little as 1 part in 6 millions . 8 Formation of a plum-coloured 
compound, MoOj(OEt'CSSH) 2 , with xanthio acid is another 
sensitive reaction , 4 as also is that of red ammonium permolybdate 
by means of hydrogen peroxide . 5 Acidified solutions of molyb¬ 
dates, when brought into contact with zinc or other suitable 
reducing agents, become blue, then green, and finally brown; 
hydrazine, iodides, or quinol give a blue colour, whilst catechol 
yields an orange solution . 8 Reduction is effected by sulphurous 
acid only if the solutions are neutral or but slightly acid. When 
a trace of a molybdenum compound is evaporated nearly to dry¬ 
ness with a few drops of sulphuric acid, a blue colour develops. 
This reaction also is very sensitive. 

Molybdenum trisulphide is slowly precipitated from an acid 
solution of a molybdate by hydrogen sulphide, which first causes 
the development of a blue colour. The precipitate dissolves 
readily in ammonium sulphide solution, yielding ammonium 
thiomolybdate which on acidification again deposits the brown 
triflulphide. 

> Vlgouroux, Compl. r end., 1808, 129, 1238. 

• HSnigKhmid, Alonalth., 1007, 28, 1017 ; Watt., Chcm. Zcnlr., 1908, i, 
898; Wedokind, D.R.-P. 294207. 

• Browning, Amir. J. Sci.. 1018, £4J. 40. 349; Moir, J. Chem. MelaU. Min. 
Soc. 8. Africa, 1010,18, 191; StOrUBoiim and Vo.trtbal, Ztil. anorg. Chcm., 
1820,110, 81. 

• Koppcl, OA«n. Ztil., 1919, 43. 777; Maluwan, let anorg. Che m., 1D1U, 
108,73. 

• Komarowrity, Chem. Zeit., 1013, 37, 987. 

• Moir, loc.cU. Sooafao Kafka, Zeit. anal Chan., 1912, 51, 482; Pcnii- 
Ewot, BuO, Soc. 1013, [4], 18, 402, 1042. 
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Fuchs, 1 describes a test for molybdenite whereby the mineral 
is dissolved in fused potassium hydroxide, yielding a red double 
sulphide; if this is dissolved in water, a series of colour changes, 
through blue, green, and yellow, takes place. 

A solution of ammonium molybdate in nitric acid becomes 
yellow-coloured on the addition of a few drops of sodium phos¬ 
phate solution, and on keeping or wanning a heavy yellow pre¬ 
cipitate of ammonium phosphomolybdate 1 separates out. 

Molybdenum compounds impart tb a bead of miorocoumic 
salt or borax in the reducing flame a fine green colour; the 
bunsen flame is coloured green by molybdic acid. 

For the gravimetric estimation of molybdenum, tbe compound 
is converted into a neutral molybdate which is precipitated from 
aqueous solution as mercurous molybdate or lead molybdate, 
the latter method now being almost exclusively employed.’ In 
tho former case, mercury is removed during ignition, and the 
residual molybdenum trioxide, which must not be heated to more 
than 425°, is weighed. 4 If the molybdenum is to be estimated by 
way of the sulphide, 6 the latter may be directly precipitated by 
hydrogen sulphide from a solution acidified preferably with 
formic acid, or the gas may be passed into an aramoniacal solu¬ 
tion containing the mnlybdio acid, and the resulting solution 
of ammonium thiomolybdate decomposed with acid. In either 
case the sulphide is usually converted into the trioxide by roasting 
and treatment with nitric acid, but it may be dried in carbon 
dioxide and weighed as such. 

It is also possible to estimate molybdenum by volatilisation 
of the trioxide in a current of carbon tetrachloride vapour.* 

Molybdenum trioxide can be separated from admixture with 
tungsten trioxide by dissolving it in a mixture of selenium 
oxychloride and sulphuric acid.' 

Volumetrio methods which have been proposed include the 
titration of tbe sesqui-com pounds with potassium perma ng a n ate 
and methods based on the reactions: 2MoO, -f 2HI = H,0 + 

1 Iajormacxontt y mm nc. ing. Pm, 1018, 80, 423. 

* Anonataa give a precipitate oi similar appearance. 

■ Riper, Biothem. J.. 1014, 8, 040; Taylor and Miller, J. Biot. Chem., 1915, 
21, 255; Weieer, J. PhynealCkm., 1016,80,840. 

* Troadwoll, ZeiL BUitnchm, 1013,19, 210; Wolf.Zrft ongtte. Cim.,1918, 
81, i. 140. 

‘Binder, Chun. Zeit., 1018, 48, 255; Woll, fee. eit. ; StirbaBiihm and 
Voatribal, foe. tit. 

* Jaoneech and Unfei, J. pt. Chm, 1918, [8], 07, 154. 

» Herrin, J. Am*. Chm See „ 19S1,48, 2383. 



DETECTION AND ESTIMATION OF MOLYBDENUM 1123 


Mo.0, + 1* and KIO, + Mo,0, + 2HCI = KC1 + Mo a 0 5 + 
ZCl+H.O. 1 

Atomic Weight of Molybdenum .—The determination of the 
atomic weight of molybdenum has been frequently made, but 
with varying results. After an inaccurate determination by 
Berzelius, Svanberg and Struve obtained the number 92-5, 
which was confirmed by Berlin, and then'generally adopted. 
The investigation of Dumas 1 then showed that the number just 
quoted was distinctly too low, the average obtained by the 
reduction of the trioxide to the metal in a current of hydrogen 
being 95-9; the numbers in the different experiments varying, 
however, from 95-3 to 96-2. Debray 8 obtained the number 95-5 
by the same method, whilst Liechti and Eempe 4 by the analysis 
of the di-, tri-, and penta-chloridea of molybdenum obtained 
the same average number as Dumas; but in this case also the 
numbers found in the different experiments varied considerably. 
Smith and Maas 5 found the number 96-OG, the method adopted 
being to heat pure sodium molybdate in a current of hydrogen 
chloride: 

Na t Mo0 4 + 4HCI - 2NaCl + MotOHj.OCl, + H a 0. 

The last two being volatile, only pure sodium chloride remains 
beliind, and from the amount of this obtained from a given 
quantity of sodium molybdate, the above number was obtained 
as the average of ten closely agreeing experiments. Seubert 
and Pollard, 4 by the acidimetric determination of molybdic 
acid, obtained the number 95-92, and by the reduction of the 
trioxide to the metal in a current of hydrogen the number 96-01. 
By a determination of the ratio Mo: MoOj, Vandenberghc 7 
obtained the value 96-OG, whilst MUller, 1 employing the same 
ratio, found the value 96-029. The mean value of the best de¬ 
terminations is 96-04 ± 0-01. The atomic weight now adopted 
(1922) is 90-0.* 

1 Jamioaon, J. Ama. Chen. Soe., 1917,89, 246. For details of cortain other 
methods, aee Zinbeig, feifc anal Chen., 1913,82,629; Marbaker, J. Ama. Chem, 
Soc., 1916,87,86; Travers, Compl. rend ., 1917,165,302; Jloepfnor and Binder, 
» C*ct». Zrit., 1916,42,315,604; Scott, J. Ini. Eng. Chem., 1920,12,578; Camp 
and Msjden, ibid., 1920,12, 998; Nekawmo, J. Chem. Soc. Japan, 1921, C, 620. 

• Ann. Chin. Phyi., 1889, [8], 56, 129. 

> Compt. rend., 1808, 86, 732. • Annalen, 1873,168, 300. 

» felt, onary. Chem., 1893, 8, 280. ■ Ibid., 1895, 8. 434. 

’ Mem. Acad. Bely., 1998. 66. 4 J. Ama. Chen. Soc., 1915,87,201(1. 

1 Gerber, If on Sci., 1917, [6), 7,73, clalma that molybdenum ia not a aimple 
aubetance, bat ia accompanied by nee molybdenum at higher atomic weight. 




SIX* . 


TUNGSTEN 
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493 The minerals tungsten or heavy-stone, now termed 
scheelite or calcium tungstate, and wolfram (the lupi tpurn 
of Agricola) were, up to the middle of the eighteenth century, 
both classed among the tin ores. In 1781, Scheele proved that 
tungsten was composed of lime combined with a peculiar acid, 
and in the same year Bergmann stated that, in his opinion, this 
acid was a metallic calx. Two years later the Spanish chemists 
Juan, Jos4, and Fausto d’Elhujar , 1 showed that this same acid 
is contained in the mineral wolfram, combined with iron and 
manganese. They also prepared metallic tungsten. 

Tungsten is not a common metal, being found only in a few 
minerals, some of which occur, however, in fairly large quan¬ 
tities. The most important of these are wolfjam, or wolframite, 
a tungstate of iron and manganese, (Fe,Mn)W0 4 , found in 
Cornwall, in Cumberland, on Rona in the Hebrides, in County 
Wicklow, at Zinnwald, in many localities in the United States, 
in Burmah, and also in Austria-Hungary, Spain, Portugal, 
Queensland, New Zealand, Tasmania, Canada, and various parts 
of South America, and scheelite or calcium tungstate, CaW0 4 . 
In addition to these, tungsten occurs in the following somewhat 
rare minerals: wolframochre, WO s ; stolzite or lead tungstate, 
PbW0 4 ; ferberite, FeW0 4 , which occurs in large quantities in 
Colorado; hiibnerite, MnWO,; cuproscbeelite, or cuprotungstite, 
(Ca,Cu)W0 4 ; chillagite,’ PbW0 4 ,PbMo0 4 , and tungstenite* 
WS,(?). 

Metallic Tungsten is obtained from wolfram by a method 
which consista of three distinct stages . 4 Sodium tungstate is 
first prepared by heating together a mixture of the ground ore 
and sodium carbonate. When this operation is carried out 
under proper conditions the extraction is complete, and at the 
same time any tin and silica present are left insoluble. The 
sodium tungstate thus formed is dissolved in water and separated 
from the oxides of iron, aluminium, manganese, tin, and silicon 
by filtration, and tungstic acid, HjWO* is then precipitated by 

1 A Chemical Analysis of Wolfram mi examination of a New Metal, uhich 
enters in to its Composition.' Translated from tha Spaniel by C. Cullen, to 
which [1 prefixed a translation of Mr. Scheele's analyst* of Ibe Tungsten, or 
boavy-itone, with Mr. Bergmann's supplemental remarks. Isjudno, 1786, 

* UUmann, J Sop. See. .Yew South Wake, 1812,46,1W. 

* Walls and Butler. J. Woshinfkm Acad. Sci., 1817, 7, 690. 

* sHadfield, J. Iron Sled Institute, 1903, M. 88. 




TUNGSTEN 


1125 


• 

means of aoid. In this step care fs necessary to prevent the 
formation of hydrated tungstic acid, which is soluble. The 
tungstic acid thus obtained is washed free from sodium salts 
and dried, and the resulting tungstic oxide is mixed with car¬ 
bonaceous materials and submitted to a high temperature in 
crucibles for reduction to metal. A well-fired crucible when 
opened should be uniform throughout, with the exception of 
a thin layer of tops or undecomposed tungstic oxide and carbon, 
which can be readily removed. 

Tungsten containing 99 per cent, of the metal has been obtained 
by fusing tungsten trisulphide with lime. 1 

Metallic tungsten may be prepared on the small scale by the 
reduction of the trioxide with carbon or in a current of hydrogen, 2 
by the reduction of the chloride in hydrogen or sodium vapour, or 
by heating a mixture of the trioxide with one-tenth of its weight 
of sugar charcoal iu the electric furnace; if care be taken that 
complete fusion of the metal does not occur, the latter is free from 
carbon. 2 The metal thus obtained is as a rule fused on the 
surface, but is porous internally, and can be welded like iron. 
It has been obtained in the form of a rcgulus by reducing the 
oxide with aluminium turnings and at the close of the reaction 
adding aluminium foil, and blowing in a stream of oxygen, 
or by adding liquid air to a mixture of the oxide and aluminium 
and igniting as in the thermite process * The powdered metal 
can be prepared also by beating the oxide with zinc and extracting 
the product with caustic soda solution, 6 and by the action of 
dilute acids on the alloys of manganese and tungsten.* Electro¬ 
lysis of the fused trioxide or salts, or of the latter in solution, has 
been found to yield metallic tungsten. 

Powdered tungsten, or the massive form obtained from it by 
fusion (although this process is not simple, the metal attacking 
the receptacle at the high temperatures necessary and becoming 
impure) are used in the manufacture of alloys, particularly 
ferrotungsten. The massive form is not sufficiently ductile, nor 
indeed sufficiently pure, for use in the manufacture of tungsten 
filaments for electric incandescence lamps, bo that until recently 
it was necessary to form the filamenta of the powdered metal 

1 Wein, Ztil. aaory. Chtm., 1010, 66, 279. 

* Davis, J. Ind. Kng. Cher*., 1910, U, 201. 

* MciaMn, Compl. rend., 1898,126,13. See also Meonicke, “ Metellorgis e'ei 
Wolfram*," Berlin, 1911. 

* Stavonhagen, Btr ., 1899, 3& 1513,3084. 

1 Dolipiiw, Compl. rad., 1000, 161, 184. * Arrlvant, ibid., 1908, ltt, 594. 
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together with an appropriate binding material. Now, 1 however, 
the finely divided metal is formed into rods by pressure alone, and 
heated in hydrogen by slowly drawing it through a small heated 
coil, whereby it is converted into elongated crystals; it then 
responds to the mechanical treatment necessary to give malle¬ 
ability and ductility. 

In the form of a regulus, tungsten has a slightly darker colour 
than zinc, shows a crystalline (cubio *) structure, is harder than 
glass, (its degree of hardness depends on its previous treatment, 
and is higher if the metal is impure); its density is above 19, 
but figures varying between 18-7 and 21-4 have been obtained. 
The metal is not magnetic, it has a mean specific heat 0-0340 
between 15° and 93°, 0-0375 between 15° and 423°, 3 melts 4 at 
3540° ± 30°, and can be volatilised in the electric furnace, but is 
more refractory than iron, molybdenum, or uranium* 

Tungsten has the smallest compressibility of any substance 
hitherto studied.* It occupies a place in the potential scries 
between antimony and mercury, and exhibits passivity under 
certain conditions. 7 It is attacked by fluorine at the ordinary 
temperature with incandescence, and by chlorine at 250-300°, 
but has no action on nitrogen or phosphorus at a red heat; 
when heated with carbon, silicon, or boron in the electric furnace, 
it yields crystalline compounds having a metallic lustre which 
are hard enough to scratch rubies. It is slowly attacked by fum¬ 
ing sulphuric acid and by fused alkalis. 8 At a red heat, the 
powdered metal burns in air, forming the trioxide, 8 but it is not 
readily oxidised by moist air, although slowly attacked by water 
containing carbon dioxide 10 ; it is readily oxidised when heated 
with oxidising agents such as lead dioxide or potassium chlorate. 
Sulphuric, hydrochloric, and hydrofluoric acids act upon it slowly, 
but it is more readily dissolved by a mixture of nitric and hydro¬ 
fluoric acids; the powdered metal is rapidly oxidised by aqua 

1 Crua., Jahrb. RadioMv. Elektmit, 1818, 16, 270. . 

* Debye. Phyeital. tot , 1917,18, 483. 

> Dofaeqa and Guiohaid, Xu. Chim. Phyi., 1901, [7], 24 198. See also 
Worthing, J. Franili* lnet„ 1918,18S, 707. 

* Langmuir, Phytiud Rev,, 191S> 6, 138. 

1 Moiaaap, Cam ft. rad., 1006, 148, 425. 

* Richards and Bartlett, J.,Ama. Cbm. Soc., 1915.87,470. 

’ Fiaoher and Roderburg, tot anoty. Clem. 1913, 81, 170; Fincher and 
Rideal ibU.; Koemor, Tram. Ante. ElatrocMm. Soc., 1917, 81, 221. 

* Ruder, J. Amtr. Chem. Bac., 1912, 84 387. 

* Langmuir, J. Amcr. Che m., Soc „ 1913,88,106. 

" Wohler and Pnger, ZtiL EUHrvckm., 1917,28. 199. 
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regia, and dissolves in boiling potassium hydroxide solution with 
formation of potassium tungstate and evolution of hydrogen, 
whereas the fused mefal is not attacked by aqua regia, but dis¬ 
solves slowly in fused potas.h (Stavenhagen). Tungsten is utilised 
for the production of filaments for incandescence electric lamps 
which have a very high efficiency , 1 It is also largely employed in 
the manufacture of tungsten steels, generally in the form of fcrro- 
tungstcn. In the finely-divided form, it is a valuable catalyst 
in Haber’s process for the synthesis of ammonia. 

Alloys .—Certain definite compounds of tungsten with other 
metals are believed to exist; ferrotungsten is, however, the most 
important . 8 Cobalt forms the alloys s Co,W and OoW. 


COMPOUNDS OF TUNGSTEN. 

Tungsten and Oxyuen. 

494 Tungsten forms two definite oxideB 4 : tungsten dioxide, 
WO,, and tungsten trioxido, WO,. These combine together to 
form compounds analogous to the blue oxides of molybdenum. 

A black gelatinous precipitate, considered to be the hydrated 
sesquioxide, W,O k is formed when potassium hydroxide solution, 
followed by a weak acid, is added to the product of reduction of 
tungsten hexachloride with sodium amalgam. It is unstable, 
being converted into the dioxide . 6 

Tungsten Dioxide, WO,.—This oxide iB formed when a current 
of hydrogen is passed over the trioxide, WO,, at a dull red heat. 
It may also be obtained in the wet way by reducing the trioxide, 
mixed with hydrochloric acid, by means of metallic zinc, or by 
the action of water on the tetrachloride. In preparing it in the 
dry way care is needed, as if the temperature be too high metallic 
tungsten is formed, whereas if the heat be not sufficient, the 
intermediate blue oxide is produced. Tungsten dioxide is a brown 
powder of density 12-1, which has a copper-red colour when 

* J.Jtr GuMmcMm* 1906, 49, 756; Nature, 1907,78, 150; J- Inti. Kteet. 
Enginart, 1907, 38, 211; Weber " Die elektriscben MeUUladengltihlampen," 
Leipzig, 1914; Mailer, “ Metalidrahtlsmps," Halle, 1914; Lummer, 11 Grand- 
lagan, Ziale imd Grenzen der Leuohttcchnilr,’’ Berlin, 1918. 

■ Honda and Muralami, Sci. Rep. Toktta imp. Vnten, 1918, 8, 235, state 
that the only compound formed in tungslen eteels has the formula pe,W. 

* Kreiti, MdM u. En, 1922,19, 137. 

4 For tho thermochemistry and vapour pressures of the oxides, see van 
Ltempt, Zeit. anerg. Chon., 1921,110, 267. 

* Hill, J. Anur. Chen. Soe., 1918, 38, 2363. 
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crystalline trioxide is employed for its preparation. It is strongly 
pyrophoric, and must be cooled in hydrogen for some time before 
it is exposed to the air. It is slightly soluble in concentrated 
hydrochloric acid and sulphuric acid, yielding purple solutions. 
Oxidising agents convert it rapidly into the trioxide. It dissolves 
in potash to form hydrogen and potassium tungstate: 

• WO, + 2KOH = K,WO t + H* 

Tungsten Trioxide, WO,.—This oxide occurs native as wolfram- 
ine, a yellow powder found together with other tungsten 
minerals in Cumberland, near Limoges, in Connecticut, and in 
North Carolina. In order to prepare the trioxide, the method 
already described may be adopted, or finely powdered 
wolfram may be digested for a long time with hydrochloric 
acid, the mixture frequently shaken, the acid renewed, and a 
little nitric acid added towards the end of the process to oxidise 
the iron. This is continued until the acid has dissolved out the 
whole of the iron and manganese and the brown powder has 
become yellow-coloured. The insoluble portion consisting of 
tungsten trioxide and undecomposed wolfram and quartz, after 
being well washed, is shaken up with a solution of ammonia 
which dissolves the liberated tungstic acid. The solution is 
crystallised and the crystals are converted into the trioxide by 
ignition in the air, Wohler converted the wolframite into 
calcium tungstate by fusing the finely powdered mineral for 
an hour with twice its weight of calcium chloride and then 
lixiviating, when calcium tungstate remained behind. Tlu's was 
then decomposed by nitric acid, and tungsten trioxide obtained 
by igniting the yellow precipitate formed. The native calcium 
tungstate (scheelite) can also be decomposed in this way. 

Tungsten trioxide is a bright canary-yellow Coloured, amorphous 
powder which becomes dark orange on heating, but regains its 
bright yellow colour on cooling; it melts at 1473”. A very slight 
admixture of sodium Balt imparts to the oxide a greenish tint 
which no amount of oxidation can remove (Roscoe). It also 
becomes greenish on exposure to light. 1 Tungsten trioxide has 
been obtained in the crystalline state by Debray, by igniting 
a mixture of sodium tungstate and carbonate in a current of 
hydrochlpric acid, when the trioxide is obtained in olive-green 
rectangular prisms which sublime at a white heat. The crystal¬ 
line trioxide has sIbo been prepared by heating hydrated tungstic 

1 See van Liempt, ix.'cil; Bnrgsr, Ztii. merg. Chm., 1022,121, 240. 
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acid with borax in a porcelain tube (NordenskjOld). The density 
of tungsten trioxide is 7'2. It is insoluble in water. Reduction 
to the metal is effected by hydrogen or carbon, various oxides of 
indefinite conposition being formed intermediately. 1 The amor¬ 
phous oxide is soluble and the crystalline oxide insoluble in sulphur 
monochloride. 1 


Tungstic Acid and the Tungstates, 

495 Tungsten trioxide is an acid-fonning oxide, and yields two 
tungstic acids, the normal acid, H 3 W0 4 , and mctatungstic or 
tetratungstic acid, H a W 4 0 13 , the salts of which correspond to 
the tetrachromates and tetramolybdates. In addition to the 
salts corresponding to these acids, a large number of other 
tungstates analogous to the polychromates and polymolybdates 
have been prepared, the formula ascribed to which are given in the 
following table ; 9 

JP.WO* = M‘j0,W0 3 . 

M'jWjO, = M‘, 0 , 2 W 0 j. 

ftr,W 3 0 Ifl = M',0,3W0 } . 

M> 3 W 4 0 13 =M' s 0,fW0 3 . 

M' 3 W 8 0 1 .= M' i 0,5W0 > . 

M'jWjO J4 = nr.o.ewOj. 

Many of these crystallise with a number of molecules of 
water, forming well-developed crystals. The salts of the formula 
M’ 10 W 12 O u are termed paratungstates. Copaux 4 formulates 
the paratungBtatoa as R 6 [n(W t O,) a ],aii., whilst Rosenheim 9 
formulates them as R 4 H 6 [H s (W0 4 ) 4 ],aq. 

The tungBtatea also yield complex salts with many other 
acidic oxides analogous to the complex molybdates. 

Tungstic Acid-, HjW 0 4 .—When a solution of a tungstate is 

1 Davi>, J. Ini. Eng. Ckem., 1819, 11, 201. 

* Smith and Fleok, J. Amer. Chtm. Soc., 1808, 21, 1008. 

1 See Sohaefer, Ztil. anorg. Clem, 1004, 38. 142, where the literatnre is 
quoted. Adds containing a complex radicle composed of one hind ol anionogon 
radicle only are termed " iso-poly-edds "; those oompoeed ot two or more 
different enionogen ladiclM are termed " hetero-poly-acids." The exact 
quantitative examination ol theae bodies is rendered difficult by the high atomio 
weight of tungsten; for this end other reasons there is still considerable un¬ 
certainty regarding the formulation of the complex tungstic acids. 

* CompL rad.. 1918,1M, 1771. 

* Ml. anorg. Ckem., 1816, 96, 180. See also Prandtl, Bit., 1915,48.692, 


M'.W.Oj* = M' 3 0,8W0j. 
M’ 4 W 5 O l , =2 M ! s O, 6WO s . 
M- 4 W,0 24 = 3M 1 J 0,7W0 a . 
M‘ 4 W,0 13 = 4M' 2 0,3W0 3 . 
M‘,oW It 0 4I = 5 M‘j0,L2W0 3 . 
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precipitated by an acid in the cold, a white precipitate is gradually 1 
thrown down consisting of hydrated tungstic acid, HjWO^O.* 
This is soluble in water, possesses a bittertaste, and reddens litmus. 
If, on the other hand, an excess of hot acid be used, anhydrous 
tungstic acid, HgWO*, separates as a yellow powder, insoluble in 
water and in all acids except hydrofluoric acid. If pure tungsten 
hex^chloride be exposed to the action of moist air, the red 
monoxychloride is first formed, and this soon passes into a fine 
fiocculent mass of white tungstic acid. 

The tungstates are insoluble in water, except those of the alkali 
metals; and even of these, some tungstates of potassium and 
ammonium are only sparingly soluble. The tungstates of the 
alkaline-earth metals, and of the heavy metals are mostly amorph¬ 
ous powders, but they may be obtained crystalline by double 
decomposition at a high temperature. 

Melalungstic Acid, 

H b W 1 0„ i 8( 18-5)11,0, U, H,H 4 [Hj(W, 0 7 ),,f!lHjO. 

—The salts of this acid were discovered by Margueritte, 3 but 
the acid was first prepared by 8cheibler. 4 For this purpose 
the barium salt is decomposed by dilute sulphuric acid or the 
lead salt with hydrogen sulphide. Metatungstic acid crystallises 
in small, yellow octahedra which effloresce in the air. On 
ignition it u converted into the trioxide. It is readily soluble 
in water and the solution possesses a harsh, bitter taste. When 
the solution is concentrated by boiling, a white hydrato is 
deposited and afterwards the trioxide separates. The meta- 
tungstates of the alkali metals are formed when the ordinary 
tungstates are boiled with tungBtic acid until the filtrate gives 
no precipitate on addition of hydrochloric acid* The meta- 
tungstates of the other metals are, as a rule, easily soluble in 
water, and are best prepared by double decomposition of the 
barium salt with the corresponding sulphate or carbonate. The 
warm solutions usually yield the salts in amorphous masses when 
evaporated, but when concentrated over sulphuric acid they 
frequently crystallise. The metatungstates possess a bitter taste, 
and are not precipitated by acids; on long boiling ordinary 
tungstic acid is deposited: 

1 Lottermoeer, KoOxd Ztit., 1914, IS, 14S. 

> See, however, Hattig end Kane, Ztit. anorg. Chtm., 1922, US, 44 j also 
Burger, ibid., 1922,181,240. 

• Am. Ckim. Phyt., 1846, [3117,476. ‘ /. ft. dim., 1881. 88, 810. 

* Oopeui, Ann. dim. «y*., 1909, [8117,207; Cmj*. rod., 1913, 1*8, 71. 
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Colloidal Tungstic Adi. —This modification of tungstic acid 
was discovered by Graham, 1 and is obtained by dialysing a 
5 pet cent, solution of sodium tungstate. to which sufficient 
hydrochloric acid has been added to combine with the sodium. 
The liquid remaining in the dialyset possesses a bitter, astringent 
taste and does not gelatinise on the addition of acids, even on 
boiling. On evaporating in a vacuum, a transparent, gum¬ 
like mass is obtained, and this can be heated to 200° without 
losing its solubility, whilst at a red heat it is transformed into 
tungsten trioxide, losing 2-4 per cent, of water. When 
moistened with water the colloidal acid becomes pasty and 
adhesive like gum, dissolving completely in one quarter of its 
weight of water. It can also be obtained by dialysing a solution 
of freshly precipitated tungstic acid in oxalic acid. 2 The photo¬ 
chemical and other behaviour of colloidal tungstic acid suggest 
that it exists in two forms. 

Sodium Tungstates.— The normal salt, NajWO^H/), is 
prepared like the potassium salt, and is obtained on the large 
scale by fusing wolfram with soda ash. It crystallises in thin, 
lustrous, rhombic prisms which dissolve in four parts of cold and 
in two parts of boiling water.* The solution possesses a bitter 
taste and haa an alkaline reaction. The crystals do not undergo 
alteration in the air, and they are insoluble in alcohol; a deca- 
hydrate is also known. When heated to 200° the salt becomes 
opaque and loses its water, and fuses at 665°. 

Sodium Paratungstate, Na I0 W„O 41 ,28H,O.—This salt, which 
is the one known commercially as tungstate of soda, is prepared 
oh the large scale by roasting wolframite with soda ash and lixivi¬ 
ating the fured mass. The boiling solution is nearly neutralised 
with hydrochloric acid and allowed to crystallise at the ordinary 
temperature, when the salt separates in large triclinic crystals. 
At a higher temperature crystals containing 25 and 21 molecules 
of water are formed. The salt can also be prepared by electrolysis 
of solutions of the normal tungstate. 1 It is sometimes used in 
place of sodium stannate as a mordant in dyeing and calico 
printing, and is also employed for rendering cotton, linen, 
“•flannelette,” etc., uninflammable.* Rosenheim* formulates 

1 Joan. Chem. See., 1864.19, 32S. 

’ Pepped i, Gaze., 1902, 88, ii, 22. Compare SabanwB, Zeit. anorg. Cktm., 
1897,14.394. See also Waeailjewa, Zdt. wist. FhatxSrm., 1013,12,1. 

* Marignao, Ass. CUm. Pit yi„ 18S3, [3], 89.39. 

* Lottermoser, Kolioid Zdl., 1922,80, 346. 

* Yeremeon, Reporis of At Juries of At Exhibition of 1862. 

* ZdL anorg. Ghent., 1916, 98, 139. MMignao considered that the psre- 
tmgetatM obtained bj him were of the form JNhO.TWO,. 
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the compound: NajjHJH^OjJjfWjOjk^HgO. The anhy¬ 
drous salt melts at 705'8°. 

Sodium Metalungstate (Telratungstale), Na a W t O, Sl 10H t 0, is 
formed by prolonged boiling of the normal salt with tungsten 
trioxide. 1 It crystallises in efflorescent octahedra probably 
belonging to the regular system. Cold water dissolves 10-69 
times its weight of this salt; there is a rapid increase in solubility 
with rise of temperature. It loses its water at a red heat 
(Marignac and Scheihler), fusing at 706°. 

Tungstates typified by the salt, 4Na t O,10WO„23H t O (which 
melts, when anhydrous, at 680 - 8°), have also been found to con¬ 
stitute a definite series. 2 The salt, 9Na a O,22WO a , melts at 
683'3°. 

Potassium Tungstates.— The normal salt, KjWO,, 3 is obtained 
by adding tungsten trioxide little by little to its own weight of 
fused potassium carbonate. On cooLing a solution of the fused 
mass in hot water, normal potassium tungstate crystallises in 
large, acicular, anhydrous crystals, or in large, prismatic crystals, 
KjWO^HiO (Marignac). When the norma] salt is treated in 
aqueous solution with an acid, or when tungsten trioxide is added 
to its boiling solution until no more dissolves, glistening scales 
of the paratungstate, K 10 W la O n ,UH 3 0, are deposited; meta¬ 
tungstate is formed at the same time. The paTatungstate 
dissolves more readily in hot than in cold water, and the solu¬ 
tion has an acrid taste and acid reaction. When alcohol is 
added to the aqueous solution a precipitate is formed; this 
dissolves on warming, but, on cooling, the solution deposits scales 
of potassium metalungstate, KgW 4 0 1 |,5H 1 0 ; a second hydrated 
salt containing 8HjO, crystallising in octahedra, is obtained 
from the mother-liquor of the normal tungstate. The following 
compounds have also been described: K a 0,2W0 3 ,2H a 0; 
2K a O,5WO s ,4H a O; K a 0,3W0 a ,2H 1 0; K,0,8W<V 

Ammonium Tungstates.—The normal 6alt is extremely un¬ 
stable. 4 When a solution of tungstic acid in ammonia is allowed 
to evaporate over calcium oxide, warty concretions of the salt 
2(NH J ) a O,3WOj,3H a O are sometimes deposited, which easily give 
oS ammonia. The usual product is, however, the paratungslate, 
5(NH 4 ) a O,12WOj,llH a O • [or possibly S(NHJ f O,7W0„6H I O], 

1 See aleo Lottermoeer, lx. cii., for an electrolytic method. 

* Smith, J . Amer. C\m. See., 1922, 44, 2027. 

* Potueiom tungatete ig trlmorphoni ■ see Am&dori, Atti S. Accad. lined, 
1914, [6], 28, i, 800. 

‘ R&enheim and Jacobaohn, Zdt. eatery. Cion., 1900, 60, 297. 
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formulated by Rosenheim as (NH t ) la H i [H 4 (W0,) t (W t 0 7 ) 3 ],7Hj0. 
If, however, the amjnoniacal solution of the trioxide bo 
allowed to evaporate whilst warm, monoclinic crystals of 
(NH t l 10 Wi,O 4 i, 5H,O separate out. When tungsten trioxido 
is boiled with ammonia, tetragonal prisms of ammonium mela- 
lungstate, (NHjkWjOuBHjO, i.e. (NH 1 )J[ 4 [H 2 (W !l 0 7 ) (l ],2lH t 0, 
arc obtained. These are very soluble, and effloresce quickly on 
exposure to the air. A hexahydrate is also known. Besides 
these, many other ammonium tungstates have been prepared 
(Marignac), as well as compounds of these with ammonia, and 
ammoniacal derivatives of other tungstates. 1 Commercial 
ammonium tungstate is stated * to possess the formula 
(NH 4 ) 4 W 5 0 17 ,211,0. 

Normal Calcium Tungslale, CaW0 4 .—This occurs native as 
scheelite in vitreous, yellowish-white, tetragonal pyramids. 
Its chief source is Australia, but it is also met with in the following 
localities: Zinnwald, Caldbeck Fell in Cumberland, Piedmont, 
Dalecarlia, in the Vosges, at Huntingdon in Connecticut, and at 
the Mammoth mining district in Nevada. The crystals usually 
contain iron, and are found in crystalline rocks in connection 
with tin-ore, topaz, apatite, wolfram, etc. 

It is prepared artificially as a white, insoluble precipitate hy 
mixing solutions of calcium chloride and a normal tungstate, and 
can be obtained in the crystalline form of scheelite by heating 
the precipitate mixed with lime in a current of hydrogen chloride. 
If a hot solution of metatungstio acid be saturated with calcium 
carbopate, calcium raetatungstatc, CaW 4 Oj„]OH a O, is obtained 
crystallising in small, tetragonal octabedra, 9 

Lead Tungslale, PbW0 4 , occurs as stolzite at Zinnwald in 
Bohemia, at Bleiherg in Carinthia, in Chili, and at Southampton, 
Massachusetts. It crystallises in translucent, tetragonal pyramids 
having a density of 7-87 to 8-13. 

Ferrous Tungslale, FeW0 4 , occurs as wolfram, (Fe,Mn)W0 4 , 
which contains manganese as an isomorphous constituent, in 
Cornwall, Cumberland, France, the Erzgebirge, and various parts 
of the United States. Wolfram crystallises in the monoclinic 
system in dark grey or brownish-black prisms having a metaltie 
lustre and a density of 7-3. 


1 Taylor, J. Amcr. Chen. Soc., 1902, 84, 820; Brigge Jour s. Chen. Sue. 
1004,85.672. 

1 Arnold, Skit. anorg. Chen., 1914, 88, 74. 

' Bee abo Smith, J. Ante. Cfttm. Soc., 1922. 44,2027. 
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Manganese Tungstale, MnW0 4 , is found as htibnerite in 
Nevada in a vein from three to four feet Fide. 

Chromium Tungstates.— A number of such compounds have 
been described, but there is little doubt that some are merely 
mixtures of simpler compounds . 1 

Tungsten Tungstates.— By the partial reduction of tungsten 
trioxide a number of oxides of tungsten have been prepared, 
having a composition intermediate between that of the dioxide 
and trioxide. These have a blue or purple-red colour, and are 
probably combinations of the acidic trioxide with the more 
basic dioxide. Thus by*the action of hydrogen on the trioxide 
at 250° the compound W,0, = 2WO„WO, is formed, which has 
a deep blue colour; the same oxide, when prepared by heating 
ammonium metatungstate to a red heat, has a purple-red colour 
and metallic reflex . 2 Other blue oxides having the compositions 

w a 0 s = WO^WOjiWA] = SWO^WO,; W. 0 M = 4WO s ,WO, 

have been described; in addition, Desi has obtained oxides 
containing less oxygen than the dioxide, by the action of con¬ 
centrated sulphuric acid on metallic tungsten under suitable 
conditions. It is therefore uncertain whether the blue oxide is a 
chemical individual or an admixture. Hydrated blue oxides 
are readily obtained by reduction of tungBten trioxide or 
tungstic acid, e.g., with stannous chloride, hydrogen iodide, or 
alcohol.’ 

496 Tungsten Bronzes.— These remarkable compounds, ob¬ 
tained by the partial reduction of the alkali and alkaline-earth 
tungstates, are usually regarded as compounds of the tungstates 
with tungsten dioxide, but their exact constitution is as yht 
unknown. Owing to their bronze-likc appearance and insolubility 
in acids and alkalis, they have been employed as bronze powder 
substitutes. 

They are scarcely affected by aqua regia, but are oxidised by 
aramoniacal silver nitrate solution, a reaction which is utilised 
for their analysis. Owing to their insolubility they can be 
freed from metallic tungsten and its oxides only by successive 

. 1 Lot*, Ann., 1861, 81, 49; Lefort, Ann. Chin. 1879, [5117, 170; 
Smith and Dieok, Zeil one rp. Chtm., 1891, 5> 13; Kantaohor, J. Buts. Phys. 
Chen.Soe., 1911,46, 729. 

* Deal, J. Ana. Chen. Soe., 1897,18, 213; tee aim HaUope&u, C'cmpt. rend., 
1698, 187, 67; BuB. See. chin., 1899, [3], 0, 267; Allen and Gottachalk, 
Ana. Chtm. J., 1902, *7, 338. 

• j^lea and Oottaehalk, Ana. Chen. J., 1902,87, 328; Beneath, Zeil, wiw. 
PheOxhen., 1917, U, 253. 
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extractions with aqua regia, hydrochloric acid, potassium 
carbonate, and water. 

Tungsten Sodium Bronze was first obtained by Wohler by the 
reduction of sodium tungstate with hydrogen, and may also be 
obtained by substituting coal-gas, zinc, iron, or tin for hydrogen, 
or by means of eleotrolysis. It forms fine golden cubes, which 
have a specific gravity of 6-617, and conduct electricity well. 
On ignition in the air, it oxidises and fuses. It is not attacked 
by any acid except hydrofluoric add, nor is it acted upon by 
alkalis except on fusion . 1 According to Philipp , 2 the products 
are a mixture of different compounds, thp relative proportions of 
which vary according to the method of preparation and the 
nature of the original tungstate. The substance obtained by 
heating the ditungstate in hydrogen, which was formerly supposed 
to have the composition Na,W,O f> is, according to Philipp, 
Na 5 W,0,„ and has a golden-yellow oolour. By the electrolysis 
of fused Bodium paratungstate a blue bronze, Na,W 4 0 ]s , is 
obtained, which forms dark blue cubes or plates having a red 
reflex. A purple-red bronze, Na,W,0 # , is obtained by strongly 
heating a mixture of 12-9 grams of sodium carbonate and 68-9 
grams of tungsten trioxide with 20 grams of tinfoil, and a reddish- 
yellow bronze, Na^O,* by fusing 60-80 grams of a mixture of 
two molecular proportions of sodium tungstate and one of the 
trioxide with 30 grams of tinfoil for two hours. It forms reddish- 
yellow cubes and yields a brownish-yellow powder. 

Tungsten Potassium Bronze is obtained in a similar manner to 
the sodium bronzes, but only one compound * appears to exist, 
KjWjOjj. Bronzes containing lithium and rubidium have also 
been prepared sb well as a number of mixed bronzes containing 
both sodium and potassium or an alkali metal along with one of 
the alkaline-earth metal groups . 4 

497 Phosphotungstic Acids,— Tungstic acid combines with 
phosphoric, arsenic, antimonic, and vanadic acids to form com¬ 
plex substances analogous to the corresponding molybdic 
derivatives. A very large number of these have been prepared, 
the relation R,O s : W0 8 varying from 1:7 to 1:24. Phospho- 

' Knorre, /. j r. Ckem., 1883, [2], 87, 63. 

' Ber., 1882, U, 499. 

* Bohaefer, Zeit. cut orf. CStt*., 19W, 38, 142, whets references to the 
literatnre am giten; Hallopean, Cm ft. mi., 1898,187, 87; BelI. See. chin., 
1899, [31 a. 287. 

1 See Engala, Zeit. a nay. Chen., 1903, 87. 128; Hallopean, Com ft. rend., 
1898,187, 612. 
vol. n. (n.) 
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duoiecilungUic acid, H 3 PW u 0 4 t „a;H ! 0, is obtained by evaporating 
a mixture of the requisite quantities of orthophosphorie acid and 
metatungstic acid, or by the exact decomposition of the barium 
sait with sulphuric acid or of the mercurous salt with hydro¬ 
chloric acid. It crystallises in tetragonal pyramids containing 
water of crystallisation, the amount of which is variously stated 
by different investigators. Phosphotungstic acid is largely used 
as a reagent for the precipitation of the alkaloids, proteins, and 
certain of their hydrolysis products, and also for the detection 
of potassium and ammonium salts, with which it yields insoluble 
precipitates. For tbia purpose it is prepared by acidifying a 
solution of 4 parts of sodium tungstate and 1 of common sodium 
phosphate with sulphuric acid and extracting the concentrated 
solution with ether, in which phosphotungstic acid is readily 
soluble . 1 Two sodium salts are known, having the formula: 
NojHPWjjOm.iHjO and NajPWjjO^j.arHjO, and are obtained by 
heating together solutions of sodium hydrogen phosphate and 
tungstate. In presence of an excess of hydrochloric acid the 
former salt is obtained in yellow crystals, whilst when the acid is 
gradually added with stirring until crystallisation commences the 
latter Balt separates in transparent colourless octahedra. 

The number of complex phosphotungstates and similar com¬ 
pounds is very large, and many of them crystallise well.* 

498 Silicotungstic fields.—These peculiar compounds were 
discovered and investigated by Marignac,* but the composition 
of many of them is doubtful. 

SilicodceUunrjstk Acid, 

H,W M SiO Ml 3H,0 (= 4HjO.SiOj, 10W0„3H,0). 

—To prepare this acid, gelatinous silica is boiled with ammo¬ 
nium polytungstate and the solution evaporated, ammonia 

* Wiateratein, Chen. Zal., 1898, 82, 539. 

* Sc* Scheibler, Ber., 1872, 5, 801; Sprenger, J . pr. Chei 1880, [2J, SS 
48; Uibba, Amer. Chm. J., 1680, 8. 217, 281; 1882, 4, 377; 1883, 5, 881 
391; 1885, 7, 31. 392; Ksbrmum, Ber., 1887, 20. 1805, 1811; 1891, 24 
2326; 1892, 25, 1986; Amah*, 1888, 245, *6; Ztil. awrg. Ohm., 1891. 1 
426; Rrecbrcl, Ber., 1887, 80. 1452; Ffchanl, CmjA. rend., 1889, 108. 301 
1690, 110, 754; Haillopean, Compl. rt*A„ 1896, 128. 10B5; Kohrmann ant 
Kat'-imtnn. Ztil, as or/. Chm., 1899, 22, 285; Kogan, J. Amtr. Chm. Soc. 
1903, 26, 298; Copaux, i4nm. Chin. Phyi, 1909, (8], 17. 261; Roaanheim 
Ztil. EUktrxhtm., 1911, 17, 894; Roaenheim and Jaenioke, Zal. anorg 
Chm., 1912, 77, 239; 1917, 101, 264; Copaux, Corapi. rod, 1913, 168, 71 
Piandtl and Heoht, Ztil. anorg. Chm., 1916, 88, 188 ; Swoeney, J, Amtr. Chm 
S<x„ 1916, 88, 2877, 

* An*. Chim. Phyi., 1894, [4], 8,5. 
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being added from time to time. The ammonium salt, 
(NH 4 ) B SiW u 0 3J ,8Hj0,_is thus obtained in short, rhombic prisms 
which are soluble in water; the solution is then precipitated by 
silver nitrate, and the precipitate washed and decomposed by 
hydrochloric acid. On evaporating the filtrate in a vacuum the 
acid is left as a yellowish, glassy mass, and on exposure to air 
splits into fragments, which then deliquesce. Its salts have not 
been carefully examined. 

On dissolving it in water and evaporating the solution, some 
silicic acid separates out, and the thick mother-liquor 
yields short triclinic prisms of octabasic tungstosilicic acid, 
HgWjjSiOjj.SOHjO {= 4ir i O,SiO 1 ,'12WO l ,20U t O) 1 which arc 
readily soluble in water and alcohol. It forms both normal and 
acid salts. 1 

Silicoduodecitungstic or Silicotungstic Acid was formulated by 
Marignnc as an octabasic acid, 

H e SiW 12 O a ,2911,0 (= 4H a 0,8i0 1 ,12W0 J ,29H,0) 1 

but according to Wyrouboff s it is tetrabasic, and has the formula 
2H,0,Si0,, 12W0„31 HjO, the normal salts of Marignac being 
basic salts and his acid salts in reality the normal salts. All 
the salts contain water of crystallisation, and in view of the 
uncertainty as to their constitution are at present beat formulated 
in terms of the oxides. The salts of this acid are formed by 
boiling gelatinous silicic acid with the polytungstates of the 
alkali metals. To obtain tho acid the salts are precipitated 
with mercurous nitrate and the washed precipitate is decomposed 
by hydrochloric acid. It crystallises below 40° in large tetragonal 
pyramids of the formula H a SiW 1J 0 <Sl 29H,0, above 40°, or in 
presence of hydrochloric acid, in rhombohedral forms, 
H 8 SiW„0 4a ,22H J 0 1 and readily dissolves in water, alcohol, 
or ether. Silicotungstic acid is a valuable reagent for alkaloids. 

The Balts, with the exception of the mercurous salt and a few 
others, are soluble in water. Boiling hydrochloric acid converts 
the normal salts into acid salts without decomposing them 
further (Marignac), whilst alkalis decompose their solutions 
with the separation of silicic acid. They have been very 
thoroughly examined both by Marignac and by Wyiouboff. 
Potassium Silicolungslalc .—Three distinct salts are known. * The 
1 See, however, Kehrmann, Zdl. aaorp. Clem., 1904,88, OB; Rosenheim end 
Jeenioio, Aid., 1912, 77, 242; 1917, 101, 240; Copenx, CompL rend., 1913, 
159.71. > Bull. Bee. /mnf. Min., 1896,18, 219. 

• Seeelso v&n Liempt, Ztit. anorj. Chen., 1922,188, 176. 
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aait iKjO.SiOj.^WOjjMEjO forms hard, granular crnsta, consist¬ 
ing of prisms closely resembling cubes; 2K l O,SiO l , 12 W0 3l 18Hj0 
forms transparent, glistening, hexagonal crystals; and 
3K 8 O,2SiO tl 24WO s ,30H 4 O crystallises in monoolinic prisms. 

Marignac formulates the first of these as the normal 
Balt, K 8 Si W,/)^,HHjO, and the others as acid salts, 
H 4 K 4 ffiW u 0 1 „16H,0 and 2H s K 1 SiW 13 0 4to 28H 1 0, whereas 
Wyioubof! regards them as a basic salt, 
K 1 SiW la O w ,4KOH l 12H,0, 

a normal salt, K 4 SiW 1J 0 M ,18H J 0, and a double salt, 
K l 8iW u O w ,K t H ! SiW w Cb 0 ,2DHjO. 

Zircono-, 1 mangano-,* boro-,* bismutho-,* and silico-vanadio- 
tungstates 1 have also been obtained. 

PertungsLic Acid .—When a solution of sodium paratungstate 
is boiled for a few minutes with hydrogen peroxide, a yellowish 
solution is obtained, which no longer gives a precipitate with 
nitric acid. 8 When the solution m allowed to evaporate in a 
vacuum, small white crystals having the formula NaWO^HjO 
are deposited, which are the Bodium salt of the unknown per- 
tungstic acid, HWO,. The same salt is formed in solution by 
the electrolysis of slightly acid solutions of sodium tungstate. 7 
More highly oxidised compounds are formed by the action 
of caustic alkah and hydrogen peroxide on a solution 
of a pertungstate, 8 the unstable salts, NajO a ,W0 4 ,H a 0 3 ; 
Ns l 0 ll W0 1 ,ir ? 0 1 ,(Na a 0 1 ) 1 W0 t ,7H s 0; and K I 0 1 ,W0 4 ,H s 0 
having been isolated in this way. Aqueous solutions of per- 
tungstic acid and hydrogen peroxide appear to contain the 
unstable acids * WO,(O t H), and WO a (O a H)(OH). 


Tungsten and the Halogens. 

499 Tungsten Hexafluoride, WF ( , is formed by the action of 
anhydrous hydrofluoric acid on tungsten hexachloride in the 
cold, and can also be prepared by the action of arsenic tri- 

1 Hallopeau, Bull, See. '{**'«., 1896, [S], 15, 917. 

• Jut, Ber., 1903,38, 3619. 

1 Rosenheim sad Jssnieke, Ztit. onorj. Ctum., 1912, 77, 239; Rosenheim and 
Sehwer, did., 1914, 80, 224. 

4 Sweeney, J. Ann. Cie ml Soc., 1916, 38, 2377. 

• Friedbeim and Her demon, Bn., 1902, 85, 3242. 

» No hard, Compt. rend., 1891,118,1060. 

' Thomas, J. Ann. Ciem. Soc., 1B99, EL 373. 

■ Meiikofi and Hasarjawsky, Bn., 1898,81, 632. 

• Pissaijewaky, /. Sum. Fiji. CUn. Soc, 1902,84,472. 
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fluoride or antimony pent&fluoride on the hexachloride. The 
preparation by the last of these methods can be carried out in 
glass vessels and proceeds according to the equation: 

WC1, + 3SbF s = WF, + 3SbF s CI 2 . 

Antimony pentafluoride is gradually added to the tungsten 
hexachloride contained in a flask until no further reaction 
occurs, and the contents of the flask are finally heated to 90°. 
The hexafluoride volatilises, and is condensed in a receiver 
cooled by a freezing mixture of alcohol and solid carbon dioxide. 
A trace of chlorine is present, which can be removed by allowing 
the liquid in the receiver to boil for a moment . 1 

Pure tungsten hexafluoride is a colourless gas, which has the 
nomial density corresponding with the formula WF,, and is 
therefore about ten times as heavy as air. It condenses to a 
faintly yellow liquid which boils at 19-5° and solidifies at 2-5° 
to a snow-white mass. It is at once decomposed by water and 
fumes in the air; nearly all the commoner metals, except gold 
and platinum, are attacked by it. It is absorbed by alkali 
fluorides and reacts violently with ammonia. 

Tungsten Oxytetrafluoride, WOF„ can be prepared by the 
action of anhydrous hydrofluoric acid on the oxytctrachloride 
in the cold, or by heating tungsten trioxide with lead fluoride 
to redness in an electric furnace. It sublimes in white plates, 
melts at 110", and boils at 186—190°. It is decomposed by 
water, and is soluble in chloroform, absolute alcohol, or 
benzene. It appears to unite with ammonia, forming an orange- 
coloured substance (RuS). 

Tungsten Dioxydiflucrnde., WO,F„ has not been prepared pure, 
but is formed in small amount by the action of moisture on 
the vapour of the oxytetrafluoride. Double salts with the 
alkali fluorides, such as 2KF,W0JF i ,H,0, have, however, been 
prepared by the action of hydrofluoric acid on the tungstates . 2 
A double salt of the formula KF.WOjFj.IIjO is also known. 

500 Four compounds of tungsten and chlorine arc known, 
viz.: 

Tungsten dichloride. . . . WCI a . 

Tungsten tetrachloride . . . WC1 4 . 

Tungsten pentacbloride . . WC1 S . 

Tungsten hexachloride . . . WC1,. 

1 Ruff anil Eisner, Bet., 1905, 88, 742 j Ruff, Eisner, and Hellor, Ztil. anorg. 
Ciem., 1907, 52, 268. 

* Marignao, Ann. CMm. 1883, PI 89, 70. 
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Tungsten Dichloride, WClj.—This body may ba obtained in 
pale grey crusts by reducing the hexachloride in hydrogen at a 
moderately high temperature, or by reduction in a stream of 
nitrogen with powdered aluminium and quartz. 1 It is, however, 
best prepared by heating the tetrachloride in a current of carbon 
dioxide at the temperature of a moderately hot zinc bath. The 
dicbloride is a non-volatile, loose, grey powder without lustre or 
crystalline structure. It alters perceptibly on short exposure 
to the air and dissolves slightly in water, forming a brown solu¬ 
tion. The remainder is converted into the brown oxide, a slow 
evolution of hydrogen occurring (Roscoe). . In view of the fact 
that a compound of the formula WjC 1,,HCI,4-5H 2 0 has been 
prepared,* the dichloride may perhaps be regarded as having the 
composition WjCl,. 

Tungsten Trichloride .—Although this compound has not been 
obtained, double salts of the form M 3 WjC 1, have been prepared by 
reduction of tungstic acid in hydrochloric acid solution in presence 
of alkali chloride.* 

Tungsten Tetrachloride, Wd 4 , is produced by the incomplete 
reduction of the hexachloride or pcntachloride by hydrogen, 
and forms the non-volatile residue obtained by the distillation 
of the hexachloride in hydrogen. In order to obtain it in the 
pure state a mixture of hexa- and penta-chloride is distilled at 
a low temperature from a hath of sulphuric acid in a current of 
dry hydrogen or carbon dioxide, and the volatile poulaeldoride 
poured back again once or twice over the residue to convert 
into the tetrachloride the lower chlorides or metal which arc 
also formed. Tungsten tetrachloride is a loose, soft, crystalline 
powder of a greyish-brown colour. It is highly hygroscopic, 
though not so much so as the pcntachloride, and is partially 
decomposed by cold water into the brown oxide and hydrochloric 
acid. The tetrachloride is non-volatile and infusible under 
ordinary pressure, but on heating it decomposes into penta- 
chloride, which distils off, and dichlorido, which remains behind. 
On heating in hydrogen to a temperature above the melting point 
of zinc the tetrachloride is reduced to metallic tungsten, some of 
which is deposited as a black, tindeT-like powder and undergoes 
spontaneous ignition on exposure to air (Roscoe). By reduction 
of an acidified solution of tungstic acid in presence of alkali 
chloride, Olsson* has prepared the compound K,W(OH}C!.. 

1 Lindner and others, fltr., 1922, SS, [3], 1468. 

' Hell, 1. Amo. Chtm. Sac., 1917, 88,2383. 

1 Olraon, Bo., 1913, 48, 566; Kteenkeim and Dehn, ibid., 1916, 48, 1187. 

‘ Loc. tit. 
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Tungsten Pentachloride, WC1 5 .—Ttis compound is formed by 
the incomplete reduction of the hexachloride in a current of 
hydrogen. If the temperature be kept but slightly above the 
boiling point of the hexachloride, the dark red colour of its 
vapour is seen to disappear and a light greenish-coloured vapour 
takes its place, and this soon condenses either to black drops 
or to long, lustrous, black, needle-shaped crystals. After two or 
three distillations in hydrogen a pure volatile product is 
obtained, Eor the production of the pentachloride, it is, how¬ 
ever, more convenient to reduce the hexachlorido at a higher 
temperature, when a further loss of chlorine takes place, the 
solid non-volatile tetrachlorido remaining behind and the volatile 
pentachloride distilling over. The latter compound only requires 
redistillation in order to be obtained in the pure state. Tungsten 
pentachloride crystallises in long, black, lustrous crystals, but if 
quickly condensed the crystalline powder possesses a dark green 
colour, resembling potassium manganate. It melts at 248", 
boils at 275-6°, has the normal vapour density at 350", and is 
extremely hygroscopic, the crystals becoming instantly covered 
with a dark golden-green film on exposure to air, whilst the 
small particles are converted into liquid. The crystals do not 
decrepitate on cooling like those of the hexachloride. On 
treatment with large quantities of water, the pentachloride 
forms an olive-green solution, although the greater part is at 
once decomposed into the blue oxide and hydrochloric acid. 

Electrolysis of a solution of the hexachloride 1 in absolute 
alcohol gives a compound of quinquevalent tungsten of the 
formula IWCl^OCjH,),],. 

Although the oxychloride, W0C1 3 , is unknown, two series of 
c hlorotungslites have been prepared, having respectively the 
formula ; 2 MjWOC1 6 and MW0CS 4 . 

Tungsten Hexachloride, WCI,.—This substance is prepared by 
heating metallic tungsten in an excess of dry and pure chlorine; 
platinum black may be employed as a catalyst. 8 It is necessary 
for the preparation of the pure compound that every trace of 
oxygen and of moisture be excluded, as otherwise some red 
oxychloride is invariably formed, and this cannot easily be 
separated from the hexachloride by distillation. Metallic tungsten 

1 Father end Roderborg, Ztil. unary. Chan., 1913, 81, 170; Fieoher end 
Michiols, ibid., 1913,81,102. 

■ Collonberg, Zeit. anory. Ckem., 1918, 102, 2*7; Ariiv Km. Min, C cot., 
1918, 7, No. 5, I. 

* Hi!!. J. Amer. Chem. Soc., 1916,38, 2383. 
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takes fire at a moderate heat in dry chlorine, and the action goes 
on by itself until all the chlorine has disappeared. 

In order to obtain the hexachloride in quantity, the metal 
is first ignited in a current of dry hydrogen; then the hydro¬ 
gen is completely displaced by a current of dry carbon dioxide, 
and lastly chlorine free from air substituted, and the tube 
or Retort moderately heated. At the commencement of the 
operation a slight Bublimate of red, needle-shaped crystals of 
the oxychloride is frequently formed owing to the unavoidable 
presence of traces of oxygen, but this is easily driven to the end 
of the tube beyond the point at which it is intended to collect 
the hexacbloride. On raising the temperature of the metal, a 
granular sublimate of dark violet, opaque crystals of the hexa¬ 
cbloride makes its appearance, and if in large quantity the 
hexacbloride collects ns a blackish-red liquid. In order to 
saturate this.liquid, it is slowly distilled in a current of chlorine. 

‘ The dftrk violet crystals decrepitate on cooling, and the crystalline 
mass thus readily breaks up into a powder. 

Perhaps the simplest method of preparing the hexacbloride 
consists in the interaction of tungsten trioxide and carbon 
tetrachloride at 280°.* 

When pure, the solid hexachloride does not undergo any 
change even in moist air, but in the presence of the slightest trace 
of oxychloride it at once absorbs moisture, evolving copious fumes 
of hydrogen chloride and changing in oolour from violet to brown. 
Water does not act upon the pure hexachloride, but on boiling 
decomposition occurs, If, however, the oxychloride be present 
the whole is suddenly decomposed by cold water into a greenish 
oxide. It is soluble in carbon disulphide and crystallises from 
the solution in six-sided plates. 

The melting point of the hexachloride is 276°; it boils under 
a pressure of 759-5 ram. at 346-7°. The vapour density of 
tungsten hexachloride has been determined in sulphur vapour 
and in mercury vapour; at 440°, the mean experimental density 
compared with that of hydrogen is 168-8, whilst at 350° the 
density is 190-9, the calculated density being 196-9. The 
alteration of the density from 191 at 350°, only 3° above the 
boiling point, to 169 at 440® points to the fact that dissociation 
occurs. That this is the case is shown by the fact that when 
a current of dry carbon dioxide is passed through the fused 
hexachloride a continuous liberation of chlorine takes place, 

' Michael end Morphy. Amtr. Ck on. J., 1810,41, 386. 
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whereas the pentaehloride treated *in the same way does not 
undergo a similar decomposition. 

Tungtlen OxycMondes.—The oxyteirachlonde, W0C1 4 , and the 
dioxydickloride, WO,Cl., have been studied by Blomatiand and 
Riche. The dioxydichloride is best obtained by passing chlorine 
over the brown oxide, WO,. Combination takes place at a 
moderate temperature, the oxide becoming covered with a 
whitish crust, which as the temperature increases sublimes 
without melting, condensing in small square scales of a light 
lemon-yellow colour. The dioxydichloride volatilises at a 
temperature approaching redness with partial decomposition; 
the crystals do not fuse, and are not acted upon by moist air or 
cold water. Even when boiled with water the dioxydichloride 
ib not completely decomposed. 

The splendid red needle-shaped crystals of the oxytetra- 
chloride, prepared by Wohler, are obtained by passing the 
hexachloride vapour over heated oxide or dioxydichloride : 

WO, + 2WC1, = 3WOC1,, 

and also by acting on the trioxide with phosphorus penta- 
chloride , 1 and by the interaction of tungsten trioxidc with a 
solution of chlorine in carbon tetrachloride at 240°. ! Attempts to 
prepare tungsten dichloride by interaction of the metal with 
carbonyl chloride result in the formation of this compound . 3 The 
crystals melt at 210-4°, and the liquid boils at 227-5°, forming a 
red vapour rather lighter coloured than that of tho hexachloride, 
and having the normal density at 350° (Roscoe). On repeated 
distillation over red hot charcoal in a current of chlorine the 
hexachloride is formed.' On exposure to the air the oxytetra- 
cbloride becomes at once covered with a yellowish crust of 
tungstic acid. 

501 Bromine acts rapidly on red-hot tungsten, forming dark, 
bromine-like vapours, which condense to a crystalline sublimate. 
Special precautions similar to those taken in the preparation of 
the chlorides must also be employed for the bromides, as the 
oxybromides formed in the presence of air and moisture possess 
almost the same colour as the bromide, and therefore the detection 
of the impurity is not so easy as with the chloride. 

Tungtlen Dibromide, WBr„ is formed by the reduction in 
hydrogen of the pentabromide, heated in a bath of fused zinc 

1 Sohifl, Ann., 1879,197, ,154. * Mlohael «nd Murphy, loc. tit. 

• Lindner end other-!, Be., 1922, M, (B), 14SB. • 
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chloride. A residue o! non-volatile dibromide remains in the 
form of a bluish-black, velvety, crystalline powder. 

Tungsten Pentabromide, WRr s , is prepared by the action 
of an excess of bromine on tungsten, and is formed also when 
the hexachloride is heated in dry hydrogen bromide, but cannot 
be prepared pure in this way. 1 The pentabromide forms dark 
crystals having a metallic lustre resembling iodine, melting at 
270°, and boiling at 333°. It is at once decomposed by an 
excess of water into hydrobromic acid and the blue oxide. 
When the pentabromide is heated in a current of hydrogen, 
the metal is formed in the state of pyrophoric powder. 

Tungsten Hexabromide, WBr,, is obtained, according to 
Schaffer and Smith, 1 by gently heating tungsten in dry bromine 
vapour in an atmosphere of nitrogen. It can be sublimed, and 
forms bluish-black needles. It decomposes very readily when 
heated, fumes in the air, and iB decomposed by water with 
* formation of a blue oxide. 

Liquefied hydrogen bromide converts the hexachloride at 
60—70° into a mass of olive-green crystals which melt at 232° 
and have the composition WCl„3WBr„ whilst at the ordinary 
temperature a similar substance of the composition W01„WBr # 
is formed (Defacqz). 

Tungsten oxybromtdes, corresponding to the oxychlorides, exist. 
The dioxydibromide, WO,Br s , is prepared by passing bromine 
vapour over red hot tungsten dioxide. It forma light red, 
transparent crystals which yield a yellow powder. It docs not 
melt, but volatilises at a temperature approaching a red heat, 
and is not acted upon by water. The oxylefrabromidc, WOBr 4 , 
is formed in the same circumstances as the last-named com¬ 
pound in brownish-black, lustrous needles, which are readily 
fusible and can he separated from the dioxydibromido by gently 
heating, when the latter compound remains behind. It melts 
at 277°, boils at 327-5°, and ib decomposed by water. 

Tungsten Di-iodvte, WI S , is obtained in the form of green, 
metallic scales when iodino vapour is passed over the metal 
heated to redness 1 (Roscoe), and is formed also by the action of 
hydrogen idoidc on the hexachloride at 400° (Defacqz), 4 

Tungsten Telra-iodide, Win obtained by Defacqz 6 by the 
action of liquefied hydrogen iodide on the hexachloride at 100°, 

1 Defaeqi, Ann. Ckim. Phyi., 1001, [7], 22,247. 

■ J. Amir. Ckttn. 8oc„ 1897, 18, 1068. 1 Ann., 1872, 182, 340. 

* inn. Ckim. Pkyi., 1901. [7], 28. S39. ' * Lot. tit. 
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is a black, infusible, crystalline mass, which is decomposed by 
water into the brown oxide and hydriodic acid. 

Tungsten and Sulphur. 

502 Tungsten Disulphide, WS,, is obtained by the action of 
sulphur, hydrogen sulphide, or carbon disulphide on ignited 
metallic tungsten. It may be prepared also by heating tung¬ 
sten trioxide in a crucible with six times its weight of cinnabar 
or with potassium carbonate and sulphur, and by heating the 
hexachloride in a current of hydrogen sulphide (Defaces). It 
forms soft, black, needle-shaped crystals which soil the fingers 
like graphite. 

A chlorosnlphide, WCl^SWSj, is formed, by the action of lique¬ 
fied hydrogen sulphide on the hexachloride at 60° (Defacqz). 

Tungsten Trisulphide, WS,, is obtained only in the wet. way 
by dissolving tungsten trioxide in ammonium sulphide and 
precipitating with an acid, or by saturating an aqueous solution 
of an alkali tungstate with hydrogen sulphide, and acidifying. 
When dry it is black, yielding a livor-coloured powder. It 
yields a colloidal solution with water, and is precipitated by 
ammonium chloride and acids. It is easily dissolved by potassium 
carbonate aud also by ammonia. Heated with potassium 
cyanide, it forms the disulphide; this is unaltered by fusion with 
excess of the reagent. 

The Thiol ungulates. —The thiotungslates of the alkali and 
alkaline-earth metals are prepared by dissolving the tri¬ 
sulphide in the corresponding hydrosulpliide, or by treating 
the corresponding tungBtate with hydrogen sulphide. The 
ammonium salt, (NH,) t WS 4 , is deposited from concentrated 
solution in yellowish-red crystals; the potassium salt, KjYY’S,,, 
forms anhydrous, yellow crystals, whilst the sodium salt, Na,Y\ : S 4 , 
crystallises with difficulty. Salts of the form M^YY’OjSj and a 
salt of the composition K s W0 3 S,1I 2 0 am also known. 

Tungsten and Nitrogen, Phosphorus, Carbon, 
Silicon, and Boron. 

503 Tungsten does not combine directly under ordinary 
conditions with nitrogen, and neither tSe metal nor the dioxide 
is attacked when strongly boated in ammonia . 1 By the action 

1 Utngrauir, J. Amer. Chut. Soe., 1913,35,931; 1910,37,1139, lias, however, 
shown that under the conditions obtaining in a nitrogen-filled tungsten-filament 
okotrio incandescence lamp, a nitride, WN„ is formed. • 
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of ammonia on the oxytetrachloride or the hexachloride in the 
cold, a black, semi-metallic powder is obtained, which has the 
composition WgN g . It is insoluble in caustic soda, nitric acid, 
or dilute sulphuric acid, but is converted by concentrated 
sulphuric acid into ammonia and tungstic .acid. 1 

By the action of ammonia on tungsten trioxide at a dull red 
heat Wohler obtained a black, amorphous product which ho 
termed “tungsten nitretamidoxide," the formula of which is 
W s N 4 H 3 O s (Rideal). It is insoluble in acids and alkalis, but dis¬ 
solves in sodium hypochlorite solution, and on ignition decom¬ 
poses, ammonia, nitrogen, and hydrogen being evolved. Other 
compounds which have been described are: W 4 N 4 H s 0 4 , W a N ( H 4 , 
W a N 4 H 4 , and WjN,. 

Phosphides of Tungsten— Phosphorus and tungsten combine 
directly when the finely powdered metal is heated to redness 
in phosphorus vapour, a dark green powder of the composition 
WjP 4 being formed. Another compound, WjP, is obtained, 
when a mixture of phosphorus pentoxide and tungsten trioxide, 
in the proportion of two molecules of the former to one mole¬ 
cule of the latter, is reduced at a high temperature in a char¬ 
coal crucible,* and forms a vesicular mass, the hollow portions 
of which contain large crystals. 

A black, amorphous diphosphide, WP a , is formed when the 
hexaohloride is heated in phosphine, and this reacts with copper 
phosphide at a high temperature to form tungsten monophosphide, 
WP, which crystallises in grey prisms with a metallic reflex, has 
density 8-5, and is oxidised to tungsten trioxide when heated 
in air (Defocqi). An arsenide, WAs,, has also been prepared in 
a similar manner to the diphosphide, which it resembles. 

Tungsten and Carbon. —Tungsten forms two carbides. The 
compound obtained by beating the oxide with carbon or calcium 
carbide* has the formula W S C, whilst in presence of a large 
amount of iron 4 the carbide WC iB produced. They are both 
hard, iron-grey, crystalline substances. The compound W,C is 
also considered to be definite. 5 Several complex carbides 


* Wilder, An., 1850, 78, 100; 1868, 108. 268; Rideal, Journ. Chen. 
3 m.. 1889.66.41. 

* Wohler, Jour*. Chm. 3 k., 1863, 8, 94. 

> Mcuaan, ConpL rad., 1896, 188, IS; 1897,186, 839. 

* William*, ComjS, rind., 1898,188. 1722. 

* Buff and Wmueh, Zeil. anarg. Chm., 1914, 86, 292. See aho Hilpert and 
Ora item, Brr„ 1913, 48,1669. 
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containing iron or chromium have also been prepared, 1 and the 
existence of a compound WCO is postulated.* 

Quadrivalent tungsten forma a aeries of double cyanides of 
the general formula R 4 [W(CN) 8 ],xH a O; quinquevalent tungsten 
forms a series of double cyanides of the type IQ[W(CN) 8 ],xH a O, 
double thiocyanates, and double oxalates; in none of these cases, 
however, is the constituent simple tungsten salt known. 

Tungsten SUicide, WjSi„ is obtained by heating the trioxide 
with silicon in the electric furnace,* and freeing the product from 
metal by electrolytic oxidation. It forms beautiful, steel-grey 
plates with a metallic lustre, and burns in oxygen. It is attacked 
by a mixture of nitric and hydrofluoric acids, and by fused potash. 
Other ailicides which have been described are WSi, and WSi s . 

Tungsten Boride, WB„ is obtained by fusing the two elements 
together by a convenient electrical method; it crystallises in 
hard octahedra of density 1077.* It is attacked by concentrated 
acids.* 


Detection and Estimation of Tungsten.* 

504 All the insoluble tungsten compounds can be converted 
into soluble tungstates by fusion, either with caustic alkali 
alone, or with the addition of nitre. The solution when brought 
into contact with zinc or aluminium 7 and hydrochloric acid 
becomes blue-coloured, owing to the formation of the blue 
tungsten oxides (or tungsten tungstates). When ammonium 
sulphide is added to the colourless solution of the tungstate, and 
then dilute Hydrochloric acid, a brown precipitate of tungsten 
sulphide is obtained, whereas hydrochloric acid alone precipitates 
tungstio acid, whioh on heating turns yellow. If the tungsten 
compounds are fused with a small quantity of tin in the reducing 
flame with microcosmic salt, a blue bead is obtained, whilst 

1 Compt. rend., 1898,127.1410; 1899,118,207; 1903,187.292. 

* Langmuir, J. Amer. Clem. So c„ 1916, 87,1139. 

* Vigouroux, Com-pi. rend* 1898, 1E7, 393. See alao Warren, Chem. Now, 
1898. 78, 318. 

4 Wedekind, Ber„ 1913, 46, 1198. 

1 Tasker and Moody, Joan. Clem, floe., 1902, 81, 18. 

* The are apeotrum of tungsten bar been Aamined by Belke, Zeil . 1 win . 
PMoAem, 1917, 17, 132, 146, and tbs X-ray apeotrum by Barnes, Phil. 
Mag., 1916, [8], 80, 388; Ledonx-Lebard and Dauyilller. Compt. rtnd., 1917, 
161 887; Siagbalui, PHI. Mag., 1919, [6{, 88, 639; de Broglie, Compt. rend., 
Ifu 9,160,982; Duane and Patteieon, Plge. Sen., 1920,16, 628. 

' Toroatian, Amer. J. flef., 1914, [4J, 88, 637. 
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tungsten compounds containing iron yield in the reducing flame 
a blood-red bead. Tungstic oxide can be very readily detected 
by fusing with potassium bisulphate ami adding sulphuric acid 
and a crystal of phenol or quinol (hydroquinone), when a blue or 
violet coloration is produced, by the aid of which the presence of 
0-002 mgm. of tungstic oxide can be recognised (Defacqz). 

Tungsten is estimated gravimdricaRy as the trioxide. For 
the purpose of ascertaining the quantity contained in wolfram, 
for instance, the finely powdered mineral iB heated with aqua 
regia, evaporated to dryness, the residue treated with water, 
the soluble chlorides of iron and manganese are filtered off, and 
the insoluble tungstic acid is washed with alcohol and dissolved 
in ammonia. The solution is then evaporated down, and the 
residue heated gently, and afterwards ignited in presence of air, 
when tho trioxide remains, and is weighed. Solutions of tung¬ 
states may also be precipitated with benzidine hydrochloride, 1 
‘ mercurous nitrate, 2 or “ nitron,” * and the precipitate ignited 
and weighed as the trioxide (compare also Woltcr). 4 Colori¬ 
metric methods, in which titanous chloride s or stannous chloride e 
are employed, may also be used. 

For recent investigations on the estimation of tungsten the 
original literature should be consulted.’ 

Atomic Weight of Tungsten .—The atomic weight of tungsten 
has been determined by numerous investigators. Schneider, 8 
by the reduction of tungsten trioxide to metal and oxidation of 
the metal to trioxide, found the average value 184-11, whilst 

1 v. Knorre, Bo., 1008, 38, 783; Kantaohor,V. ~Buei. Phys. Chan. Hoc., 
1814, 48, 729. 

J Defaoqa, Corny!, rend., 1896,128, 308. 

■ Pettier and Weiaa, Zeil. anal. Chan., 1014, 53, 420. 

1 Chan. Zei fc, 1910, 85, 2. 

• Traven, Compt. rend., 1918,168, 416. 

• Heath, Chen. Trade J„ 1020, 66, 629, 

’ Hilpert and Dieokmann, Bo., 1913, 46, 152; Treadwell, Zeil. EWctrrxhem., 
1013,19, 219, 381; Zinberg, Zeil. anal. Chan., 1913, 52, 829; Hermann, Aid., 
1913. 52, 887; Kafka, ibid,. 1912, 52, 601; Wunder and Schapira, dm. Chim, 
anal., 1913,-18,267; Arnold. ZbI. anory. Ckem., 1914, 88, 74, 333; Dieokmann 
and Hilpert, Bo., 1914, 47, 2444; Marb&ker. J. Amer. Chem. Boe., 1918, 87, 
80; Dittler and Graftenrlad, Chem. Zeil., 1910,40,881; Guglialmelli and Hordh, 
dnai. Soc. Qutm. Argentina, 1917,6, 81; Traven, Compt. rend., 1917,185,408; 
Sweeney, J. Amer. Chan. Sic., 1916, 88, 2377; van Duin, Chem. WttUdad, 
1917,14,169; Fenner, Chem. Zeil., 1918, 42, *03; Jannaeeh and Lciete, J. pr. 
Chem., 1918. [2], 87, 141; Hcdee, Zeil. anger. Chem., 1917, 80, 240; Erlioh, 
Ann. Chin i. anal., 1920, [2], 0,102; Corti, Anal. So r. Qnim. Argentina, 1917, 
6,308; LSwy. Zeil. angew. Chem., 1919,82,379. 

• * pr. Chem., 1850,50,182. 
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Marchand 1 found an almost identical value. Roscoe 8 by 
the same method obtained the number 183-48, and by the 
analysis of the hexachloride the number 184-02, whilst Waddell 8 
by the reduction of the trioxide found the higher number 
184-33. More recently Pennington and Smith and Desi 4 have 
found the still higher number 184-8 by Schneider's method, 
but their results have been criticised by Schneider 6 as.un¬ 
trustworthy. The investigations carried out by Smith and 
Exner, 6 who converted the hexachloride into the trioxide by the 
action of water and synthesised the trioxide from the metal, 
gave an average value for the atomic weight of 184-06. The best 
mean value is probably 184-1 ± 0-1. The value now (1922) 
adopted is 184-0. 7 


URANIUM. U238-2. At. No. 9a. 

505 The mineral known as pitchblende was formerly believed 
by certain chemists to be an ore of cither xinc or iron, whilst by 
others it was thought to contain tungsten. Klaproth, in 1789, 
was the first to point out the existence in this mineral of a peculiar 
metal, to which he gave the name of uranium, in rcmembranco 
of Herachel’a discovery of the planet Uranus in the year 1781. 
The substanco obtained by Klaproth by the reduction of the calx 
of uranium was supposed by all the chemists who subsequently 
investigated the subject to be tbe metal, until Pcligot 8 in 1842 
proved it to be an oxide. Peligot likewise isolated the metal 
and determined ita equivalent. 

Uranium is not a very abundant element, and its chief ore is 
pitchblende or uraninite. This consists of impure uranoso- 
uranic oxide, UjO^ and is found in Cornwall, at Joachimsthal, 
Johanngeorgenstadt, Adrianople, and other localities. Carnotite, 
potassium uranyl vanadate, is found in Colorado, Utah, and 
8 . Australia; autunite, uranyl calcium phosphate, is found in 
France, Portugal, the United States, and Madagascar. Varieties 
found in Cornwall are called bassetite and uranospathite . 8 

1 Ann., 1861, 77, 261. 

• Mm. Manch. Phil. Soc., [31 8,77; -Innales, 1872, 168, 366. 

■ Amer. Clwn. J., 1880, 8. 280. ' Zcit. ahorg. Chm., 1896, 8, 198, 205. 

4 J. pr. Chm., 1896, [2168, 268. • J. Amer. Chtm. Soc.. 1904, £8, 1082. 

• Gerber, Jfo». Sd., 1917, [517, 73, cleime that tungsten is not a. simple 
substance, but is sooomp&nied by ncotungiten of higher atomic weight. 

• Ann. Chins. Phya., 1842, [31 6, 5. 

• Hallimoud, Min. Mag., 1916,17. 221. 
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‘Uranium is found also as a double phosphate with copper in 
torbcmite or uranium-mica, as carbonate in liebigite, voglite, 
and uranothallite, whilst as uranotantalite or samarskite it is 
found combined with columbium and tantalum. Other uranium 
minerals are gilpinite, 1 brannerite, 1 becquerelite,* UOj^HjO, 
and Boddite,’ 12UO„5SiO t ,14H t O. Pitchblende is the beat 
source of uranium, this mineral usually containing from 
40 to 90 per cent, of uranoso-uranic oiide, U s 0,. The 
following analysis* gives the composition of a specimen of 
pitchblende from Connecticut: U0 a , 26-48 per cent,; U0„ 
57-43; ThO* 9-79; CeO„ 0-25; (Le.Di^O* 0-13; (Y,Er),0„ 
0-20; Fe,0„0-40; PbO, 3-26; MnO, trace; CaO.0-08; alkalies, 
trace; H,0, 0-61; 9iO s , 0-16; insoluble, 0-70. Total 99 49 per cent. 

The uranium minerals always contain the radioactive element 
radium, as well as helium, the occurrence of which is discussed 
under the heading of Radioactive Elements. Small amounts 
of compounds of copper, bismuth, silver, zinc, arsenic, and 
aluminium are often present. 

The process employed for the extraction of uranium from 
pitchblende is described by Meyer s as follows: The finely 
ground mineral is first roasted and then calcined with sodium 
carbonate in a reverberatory furnace, the soluble uranium 
compound being extracted from tbe melt with water; alter¬ 
natively, the mineral may be decomposed by fusion with sodium 
sulphate, followed by extraction of the melt with dilute sulphuric 
acid, or the mineral may be decomposed with a mixture of 
sulphuric and nitric acids. In all cases the uranium compounds 
pass into solution, and in presence of excess of sodium carbonate 
remain in solution as sodium uranyl carbonate; on boiling with 
a suitable excess of dilute sulphuric acid, a yellow precipitate 
of sodium uranate, Na,U,0„6H,0, is obtained. The insoluble 
residue contains the radium salt in admixture with a number 
of other compounds, 

The method recommended by Wohler * consists of the 
decomposition of the pitchblende with a mixture of sulphuric 
and nitric acids, volatilisation of the acid, and extractor 
with water, yielding a aolution through which hydrogel 

' Uraen »nd Brown, Anef. Min, 1917, 8, 78. 

• llw ud Well*, J . y,aM* Inti ., 1920,198. 226. 

• Sohoop, Cmpt. rtnd., 1921,171 1086, 1240. 

‘ CUtke," fkt Datn of OrnkmiHrv," VJ. (?«* Burvtg BuH.. 1918, No. «16 

• Abegg'i “ BawBnuS da tnorfonMn ami*," 1921, IV, [1], U. p. 89 

' Ton. Ann, 1848, 94. 94. 
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sulphide is passed; the filtrate, after being oxidised with nitric 
acid, is treated with ammonia, and the precipitate digested with 
a concentrated solution of ammonium carbonate containing 
exceaa of ammonia. Uranic hydroxide dissolves and yellow 
ammonium uranyl carbonate crystallises out on cooling. P61i- 
got’s 1 method depends on the facility with which uranyl nitrate 
crystallises, and on its ready solubility in ether. 

Metallic uranium was first prepared in the pure state by 
P£ligot, who obtained it by the action of sodium or potassium 
on uranium tetrachloride, a mixture of the tetrachloride, potass¬ 
ium chloride, and sodium being usually employed.* It is also 
obtained by heating 600 parts of the oxide, U a O„ with 40 parts 
of sugar charcoal in the electric furnace in a carbon tube, closed 
at one end. The product contains a little carbon, which is 
partially removed by heating it in a crucible brasqued with 
uranium oxide, and enclosed in a larger crucible brasqued with 
titanium to protect the uranium from the action of nitrogen.* 
Uranium may also be obtained by heating the dioxide to redness 
with carbon and starting the reduction by means of a cartridge 
of magnesium and barium dioxide,* or by reducing the trioxide 
with aluminium, a fused regulus of the metal containing a little 
aluminium being thus obtained. 5 A satisfactory method consists 
in first preparing the tetrachloride by passing chlorine over the 
heated dioxide mixed with carbon, or by heating the oxide in 
a stream of chlorine and sulphur chloride, and then reducing 
this with sodium or magnesium.’ 

Pure uranium has a white colour, and takes a high polish; it 
has a density of 18-7 at 14°, and a specific heat of 0 02766; in 
the powdered state it oxidises on exposure to the air and, if 
freshly prepared, may be spontaneously inflammable. It 
decomposes water slowly at the ordinary temperature, and 
more quickly at the boiling point, In the same condition it 
bums in oxygen at 170°, in fluorine at the ordinary temperature, 
in chlorine at 180°, in bromine at 210°, in iodine at about 260°, 
and in sulphur vapour at 600°. It melts at a high temperature, 

1 A*%. Ckim. Phy*., 1842, [3], S, 6; 1844,12, 649; 1848, 22, 329; 1869, 
[4], 17, 368. 

■ [4], 17, 368. 

* Moiaaan, C<mpi. rend., 1896, 122, 1088. 

* Aloy, Bull. Soc. chin., 1901, [81 2ft, 844. 

* Stsvenhsgen, her., 1899, 82, 3066; Stsveabsgen sad SoboeWd, Aid., 
1902, 28, 909. 

1 Rido»l, J, Soc. Chen. Ini., 1914, 82, 673; Lely sod Hsmbugtr, Ze't. 
anorf. Chtm., 1914, 87, 308; Bangui*, Schweiz sport. Zeit., 1916, 88, 477. 

von. it. (rr.) v 
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and has a higher boiling point than iron, condensing in small, 
non magnetic spheres, free from carbon . 1 It readily combines 
with nitrogen at 1000°. Uranium has a potential between those 
of copper and hydrogen . 4 

Several alloys with iron, manganese, and cobalt have been 
prepared by the al uminium reduction method. An amalgam 3 
can be obtained by the electrolytic method, and leaves pyrophoric 
uranium when the mercury is distilled off at 242°. 

Metallic uranium and its compounds arc radioactive (see the 
section on the Radioactive Elements). 

COMPOUNDS OF URANIUM. 

Uranium and Oxygrn. 

506 Uranium combines with oxygen to form two 4 well-defined 
oxides, UO, and UO„ and these oombine, forming intermediate 
oxides. Both these oxides are more magnetic than the metal . 6 
The dioxide is a basic oxide, and gives rise to the uranous 
salts, in which the metal is quadrivalent. The trioxide, 
like the corresponding oxide of the other metals of this group, 
behaves as an acid-forming oxide, yielding salts known as the 
umnatej, analogous to the chromates, molybdates, and tungstates. 
Like the other trioxides of the group, uranium trioxido also 
yields a large number of derivatives in which only one of the 
three oxygen atoms is replaced by negative groups; these may 
be regarded as derivatives of .the bivalent compound radicle 
uranyl, UO,. This radicle b&s more decidedly basic properties 
than the corresponding radicles derived from the other metals, 
and the derivatives, therefore, correspond to the salts of a basic 
oxide, whilst the similar compounds of the other metals are 
more nearly allied to the acid chlorides, Buch as sulphuryl 
chloride, SO,Cl„ and phosphoryl chloride, POClj. This view 
of the constitution of the uranyl salts is supported by the electro¬ 
chemical properties of their solutions. In aqueous solution the 
salts of strong acids, UOj-R 1 ,, are hydrolysed to a small extent, 
corresponding in this respect to the analogous salts of aluminium 

1 Zimmennann, Annalat, 1883, 218, lj MouhU, Compt. rend., 1893, U0, 
1429; 1896,122, 1088; 1W8, 142, 426. 

» Fisober and Roderbnig, Zeit. oaorj. Chtm., 1913, 81, 170; Fischer and 
Ridsal, Hid. 

‘ FMa, Bull Soc. chin. 1001, [31 28, 022. 

‘ See Lebeao, Compt. rmi., 1922.174.388. 

* 'Wedekind and Hoot, Her., 1910, 48, 106. 
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and glucinum. The non-hyd rolled portion of the salt dis¬ 
sociates in the normal .manner, and on electrolysis the uranyl 
ion migrates to the cathode. Complex derivatives are, however, 
very readily formed, especially with salts of organic acids , 1 * 

Uranium Dioxide, U0 S .—This oxide, formerly mistaken for 
the metal uranium, is prepared on the technical scale by fusing 
35 parts of sodium chloride, 20 parts of sodium uranate, and 
1 part of powdered charcoal in a cast Bteel pot at a red heat, 
lixiviating with water and treating the residue with hydrochloric 
acid . 1 It is obtained by heating uranoso-uranic oxide, U 3 0 e , 
or uranic oxalate in a current of hydrogen, or by the electrolysis 
of uranyl nitrate solution under suitable conditions . 3 Thus 
prepared it is a pyrophoric powder, having a brown or copper- 
red colour, and a density of 10-95. When heated in the 
air it takes fire, and is completely converted into the oxide, 
U a Og.* It dissolves in strong acids, forming the green uranous 
salts . 3 * * 7 * It may be obtained in jet black octahedra isomorphous 
with thoria by fusing with borax, and then removing the latter 
with dilute hydrochloric acid* It is also formed in microscopic, 
black, non-pyrophoric crystals when crystalline uranic hydroxide 
is reduced in hydrogen,’ and is left as a brick-red mass, which 
becomes black on heating, when uranyl bromide is heated in 
the air . 9 

Uranous oxide is oxidised to the trioxide by ammoniaca! 
silver solutions.* 

Uranous Hydroxide, U0 t ,2H,0 (?), is precipitated in reddish- 
brown flakes, which become black on ebullition, by adding an 
alkali to a uranous solution . 10 In presence of alcohol, uranyl 
salts are reduced by light to uranous salts, or uranous 
hydroxide. It dissolves easily in dilute acids, whilst the 
calcined oxide is only slightly soluble in these liquids, The 

1 Dittrich, Xtit. pbytikal. Ckem., 1696, 89, 449; Ley, ibid., 1900, 80, 193; 
Her., 1900. 88, 2666. Compare Kohlachatter, Annaitn, 1900, 8U, 1. 

1 Paraona, J. Ini. Eng. Cion., 1917,9, 466. 

* Oechsaer de Coninck and Ca m o, Butt. Acad. toy. Big., 1901, S21. 

4 Joliboia and Btaauet, Compi. rend., 1922,174. 386. Oeohaner ds Conlnok, 
Bait Soc. dim., 1012, [4], 11, 1037 itatai that the oxide U,0 H u thne formed. 

* See Colanl, Compi. rend., 1912, 165, 1249; Raynaud, ibid., 1911, 158, 
1480; Butt. Soc. dim., 1912, [4111, BOS. 

* HiUebrand, Zeit. emorg. Clem., 1693, 8, 249, 

7 Aloy, Bull. Soc. dim., 1900, [3], S3, 368. 

‘ Oeohaoer de Conlnok, Compi. rend, 1902,185, 900. 

1 Smith and Shinn, Zeit anorg. Chan, 1694, 7, 47. 

“ See Aloy, Bull Soc. dim., 1899, [bi 81, 613. 
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substance bos also been obtained electrolyticslly in a colloidal 
form. 1 

Uranic Oxide, UO„ or Uranyl Oxide, (U0 t )0.—When uranyl 
nitrate is beated in a glass tube to 250° eo long as acid fumes 
escape, this oxide is left behind in the form of a brownish-yellow 
powder, whereas, when the nitrate is rapidly decomposed, a red 
modification of the oxide is produced.’ It can also be prepared by 
heating ammonium uranyl carbonate or ammonium uranate in air. 

Uranic Hydroxide (Uranic Acid), UO^HjO, cannot be obtained 
by precipitating a uranyl salt by an alkali, the precipitate thus 
formed consisting of an alkali uranate. It may, however, be 
prepared, according to Berzelius, by gently calcining the nitrate 
in a sand-bath as long as nitric acid is evolved. The residue 
contains uranic hydroxide mixed with a basic salt, which can be 
removed by washing with boiling water. It may likewise be 
obtained by evaporating a solution of uranyl nitrate in absolute 
alcohol, at a moderate heat, until a yellow mass remains, con¬ 
sisting of the hydroxide, UO s (OH) a ,H,0, or by the electrolysis 
of uranyl salts at a low current density * This hydrato loses 
half its' water at 80°, 4 or in a vacuum at the ordinary tempera¬ 
ture, but at a temperature of 400° it begins to lose oxygen, and 
is converted into uranoso-uxanic oxide, U,O a . Uranic hydroxide 
is yellow, and has a density of 5-92. It does not undergo change 
in the air, nor does it absorb carbon dioxide. 

An orange-coloured hydroxide, UO„HjO, can be obtained by 
the electrolysis of the nitrate, 6 and is formed fn rhombic crystals 
when the violet hydrate of the oxide U s 0, is boiled with water 
in the air.* 

This oxide, as mentioned above, yields by the action of acids 
the uranyl salts, whilst with bases it gives rise to the uranaUt. 
The former have a yellow colour, and most of them possess a 
remarkable fluorescence/ which they impart to glass, The 
absorption bands exhibited by these compounds have been 

1 Samsonov, KoBoii-Zut., 1811, 8, 99, 

* Ow&Bujr do Cosine k, ComfL rad., 1901,182, 204; JMf. Acad. roy. Bdj., 
1904, JOS, 448. 

• PtsrlS, J. Phytical Chtm., 1919, 23, 517. 

‘ do Foipnod, CompL refd., 191S, 156, 1954. 

* OeduoM do Couinek ud Como, fiufl. Acad. toy. Btlg., 1901,8,222; HmK, 
J. Phytkal Chem., 1919, 28, 517. 

• Atojr, BuB. See. cim„ 1900,31 23, 966. 

' Sos Trfmpfcr, Zoi- piyiiiaL dm., 1915,90,885 1 Buur, Bcbwtii. Chm. 
ZnC, 1916,8,40; Siohol. Hove*, PkytkolBto., 1919, [2], 14,293; NW»U, 
Haven, tnd Wink, Aid., 1919, [2114, »1; Nicboli ud othen, Oamtgit Inti. 
WaAinylm PtiUcabcm, 1919, 288, 1. ‘ 
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studied by Becquetel and others. 'Awe salts are highly sensi¬ 
tive to light and have been employed for photographic purposes. 
The most important are described in the sequel, together with 
the other uranium salts. 

The Uranatee. —The alkali uranates are obtained by precipi¬ 
tating a uranic salt with an alkali, those of the alkaline earths 
and other metals by precipitating a mixture of a uranyl salt and 
a corresponding metallic salt with ammonia. They aro also 
formed when a mixture of a metallic uranate and tho acetate or 
carbonate of the metal is heated in the air. The uranates gen¬ 
erally have the composition MjO^UO,, and correspond to the 
dichromates. They are yellow, insoluble in water but soluble 
in acids, and are decomposed by beat, like uranic oxide itself. 
Normal uranates are, however, known, an well as potassium 
and Bodium Balts of tri-, tetra-, penta-, and hexa-uranic acids. 

Potassium TH-uranate, K a U 2 0,.—This is obtained as a pnlo 
orange-yellow coloured powder by precipitating a uranyl salt 
with an excess of potash. Probably the hydroxide is first pre¬ 
cipitated and then two molecules unite by the elimination of 
water, forming uranic acid, which unites with the excess of alkali 
to form the potassium salt. The normal salt can be produced by 
fusing uranyl chloride with potassium chloride and ammonium 
chloride, or by heating uranium trioxide with potassium chlorate. 
Potassium uranate can also be obtained by electrolysis of a 
neutTal solution of potassium uranyl cyanide. 1 

Sodium Di-uranaU, Na,U,0 7l is obtained in a similar manner 
to the potassium salt, and is known as uranium yellow, being 
used for painting on glass and porcelain, as well as for preparing 
the yellow glass known as uranium gloss. It is prepared on 
a large scale by roasting 100 parts of pitchblende, containing 
45 per cent, of U s 0 ( , with 14 parts of Ume in a reverberatory 
furnace. The resulting calcium nranate is treated with dilute 
sulphuric acid, and the solution of uranic sulphate thus obtained 
is mixed with sodium carbonate. The uranium is precipitated, 
together with the other metals, but re-dissolves in an excess of 
the 'alkali. On treating this liquid with dilute sulphuric acid, a 
hydrated sodium uranate, Na,U t 0 Tl 6H|0, is obtained. 1 

Ammonium Uranate.—This salt sometimes occurs in commerce 
as a fine deep yellow-coloured precipitate, termed, like the 
sodium salt, uranium yellow. It is easily obtained by adding 
ammonium chloride or sulphate to a boiling solution of sodium 

' PiclU, J. Phgtimi Chtm., 1810, 28, 517. 

• Patera, J. ft. On, 1854, 81, 387. 
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uranate, washing the resulting precipitate, and drying at a gentle 
heat. When heated to redness this salt yields pure uranoso- 
uranic oxide, and serves therefore as the raw material for the 
preparation of other uranium compounds. 

Uranoso-uranic Oxide or Green Oxide of Uranium, 
U 3 0 8 (= U0.,2U0 3 ), occurs more or less pure in pitchblende. 
The pure oxide can be obtained by gently heating the trioxide 
or the dioxide in the air in the form of a satiny, dark-green 
powder, having density 7-2, and soluble in strong acids. It 
forms a violet hydroxide which can be prepared by the action 
of light on a solution of uranyl oxalate or an alcoholic solution 
of the acetate. 1 A number of violet compounds of uranium are 
known, being obtained whenever a uranous and a uranic salt 
are present together at the requisite temperature in neutral or 
feebly aoid medium, By loss of their acid radicles they yield 
hydrated uranoso-uranic oxide. 1 

Black Oxide of Uranium, or Uranium Penloxide, 
U,0 S (= UOj.IJOj), is formed when the other oxides, or am¬ 
monium uranate, are strongly ignited in the air, and when the 
nitrate iB electrolysed. Zimmermann stated that it possesses 
no constant composition, 3 but there seems to bo no reasonable 
doubt regarding ita individual existence. 

An oxide of the composition U,0, #1 2H t 0 is stated to be formed 
when uranium salts are electrolysed.* *-■* 

Uranium Peroxide, U0 4 .—When a very dilute, solution of 
hydrogen peroxide is added to one of uranyl nitrate, a yellowish- 
white precipitate of peruranic hydroxide, U0 4 ,xII a 0, is formed, 
which evolves chlorine when treated with hydrochloric acid. 6 
PeruranalM are formed by the action of alkali and hydrogen 
peroxide on the uranyl salts (Fairley). Two types of salt 
are known; in one of these the metal appears to be present 
as a peroxide and the salt can be hydrolysed by weak acids or 
bases into a peroxide and uranium peroxide; the hydrolysis of 
salts of the second type yields uranium peroxide and an ordinary 
metallic oxide.* 

1 Sm Aloy, BvU. Ex. chin., 1900, [31 23, 348. 

* Aloy and Rodier, Butt. Bee, dim., 1920, [41 27, 101. 

* Annalat, 1885, 232, 276.* See alio Lebeau, Cmpl. rend., 1022,174, 388. 

* PiorlA /. Phyeial Chen., 1919, 28, 817. 

* Fairley, Jmm. Chen. 8x., 1877, l, 127; Hflttig and Sohroeder, Zeit. 
awry, Chen., 1922,121, 243. 

* Melikofl and Pwarjeweky, Ber, 1897, 30. 2902; Zeit. awry. Chen., 1898, 
IB, 56; Pfeaarjemky, J, Btw. Phye. Chen. 8 m., 1902, 24, 472. 
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Sodium Peruranale, (N»,0j),Uis precipitated when 
alcohol is added to a solution of uranyl nitrate, sodium hydroxide, 
and hydrogen peroxide! and crystallises in golden-yellow needle- 
shaped crystals, which are somewhat more stable than the 
potassium salt. If the minimum quantity of caustic soda be 
employed, a red crystalline salt separates out, having the com¬ 
position Na 2 0,(U0 4 ),,6H l 0. A red, crystalline salt, Na s U0 6 ,II,0, 
is formed when peruranio hydroxide is added to hydrogen 
peroxide containing alcohol, sodium hydroxide being then 
gradually introduced. It slowly decomposes with ovolution 
of oxygen . 1 The formation of a salt of this type is the cause 
of the red coloration produced when hydrogen peroxide and 
Bolid potassium carbonate are added to a uranyl salt.* 

Lead Peruranalc is formed as a double salt with lead uranate, 
(Pb0) 8 U0 4 ,PbU0 4 , by the action of sodium peruranate on lead 
acetate. Hydrogen peroxide is liberated in the reaction and 
the resulting lead salt, when treated with dilute acetic acid, 
yields lead acetate and peruranic hydroxide, but no hydrogen 
peroxide (Melikoff and Pissarjewsky). Other salts of the heavy 
metals are prepared in a similar manner; they are more stable 
than the corresponding salts of molybdenum and tungsten. 


Uranium and the Halogens. 

507 Uranium difivoride, UFjJHjO, has been obtained by 
electrolytic reduction of uranyl chloride in presence of excess of 
hydrofluoric acid.* 

Uranium Telrafluoride or Uranous Fluoride, UF 4 , is obtained 
in the form of a voluminous green powder when hydrofluoric 
acid is added to a solution of uranous chloride. It is insoluble 
in water and hydrofluoric acid, and when heated in the air it 
leaves a green residue of oxide. When ignited in hydrogen it 
loses hydrofluorio acid . 1 The hexahydrate is obtained by 
electrolysis of potassium uranyl fluoride in acid solution . 5 

Uranous fluoride forms double salt* with the alkali fluorides. 
Potassium urano-fluoride, KF,UF„ is obtained by the action of 
reducing agents, such as formic and oxalic acids under the 
influence of light, upon the potassium urano-oxyfluoride, described 

• Aloy, Butt. Son. Aim., 1903, [3], 29. 292. • Ibid., 17, 734. 

• OlolKtl and Agamennona, A Mi X. Accai. Lined, 1905, [5k 14, 1., 114. 105. 

* Carrington Bolton, Btr. A tad. Win. Berlin, 1868, 299; «ee also Smlthella, 
/. Chtm. «<*.. 1883, 48, 125. 

* Piertf, J. Phyeint Chem., 1919, 28, 517. 
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below. It is a‘green powder, resembling uranoua fluoride, 
insoluble in water and in dilute acids. 

The hexafluoride is also known. The reaction between fluorine 
and uranium is extremely vigorous and the product is mainly 
the tetrafluoride and small quantities of the hexafluoride, UF,. 
The hexafluoride is best prepared from fluorine and the penta- 
chloride cooled in an alcohol and carbon dioxide mixture. It 
forms glistening, colourless, fuming, monoclinie prisms, which 
sublime without melting at ordinary temperatures under reduced 
pressure. 1 

Uranyl Fluoride , UOjF,, is a green solid, obtained by the 
action of hydrofluoric acid on the oxide U a O g . It was con¬ 
sidered by Smithells 1 to exist in two modifications. It combines 
with potassium fluoride, yielding polaesium vranyl fluoride, 
UO,F„3KF, which is a lemon-yellow, crystalline precipitate, and 
is also formed when an excess of- potassium fluoride is added to 
' a solution of uranyl acetate. It is trimorphous (Baker),* 
Corresponding sodium, ammonium, and barium salts are known 
(Bolton). Hydrogen peroxide converts these salts into deep 
yellow-coloured peroxyfluorides. 4 

Uranous Oxyfluoride, UOF„ is formed by the electrolytic or 
photochemical reduction of uranyl salts. 6 

Uranium Trichloride, UCL,, is obtained by heating tho tetra- 
chlorido in hydrogen,* or by the continued reduction of uranyl 
aalts with sine .and hydrochloric acid. 7 It is a reddish-brown 
powder, and dissolves readily in water, forming a red solution, 
which gradually becomes green with evolution of hydrogen. 

Uranium Tetrachloride or Uranoue Chloride, UClj.—This is 
produced with vivid incandescence, when chlorine is passed 
over metallic uranium, and is obtained also by igniting uranium 
dioxide in hydrogen chloride, and, in solution, by exposing a 
solution of uranic oxide in hydrochloric acid containing alcohol 
to sunlight;' other reduction methods may also be used. It 

• Ruff, Zodoer, Schiller, and Heiraelmaim, Btr., 1609, 48, 492. 

1 Lot. (it. See also Giolitti and Agamenaone, foe. eft. 

• Jom, CSem. 8oc., 1879,88, 783. 

• LordUpaoidiS, /. Bum. PAyi. Ctom. doe., 1900,88, 883. 

• Giolitti and Agameonofle, rf to' B. Aaad. Lincei. 1905, [5114. L, 114,185. 

1 Ptllgot, Aim. CUm. Phfi n 1842,5,20; Roaenheim end Loebel, Zeft. morf. 

Ohm.. 1908, 67, 214. 

’ Zimmermans, Annalen, 1882, 818, 320. 

• Afcy. BuU. fine, elm,, 1899, [11 81, 613; Aley and Rodier, m., 1922, 
[41 81,248. 
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is best prepared by passing chlorine over a heated mixture of 
chatcoal and any of the uranium oxides, or over uranium 
carbide. 1 Some pentachloride is simultaneously formed, and 
may be removed by heating the product in a current of carbon 
dioxide. It can also be prepared by passing carbon tetrachloride 
over U,0 8 at a red heat* It crystallises in splendid dark-green 
octahedra, having a metallic lustre, and volatilising at a-red 
heat to form red vapours with the normal density of 13-3, It 
is extremely deliquescent, fumes strongly on exposure to the 
air, and dissolves readily in water, with evolution of heat'and 
formation of a deep emerald-green solution. This, when con¬ 
centrated in a vacuum, leaves an amorphous, deliquescent mass 
of uranons chloride, but when evaporated by heat it decomposes, 
yielding a soluble residue, probably consisting of the oxychloride. 
Solutions of nranous chloride yield with alkalis a precipitate of 
uranoua hydroxide. The solution acts as a powerful deoxidising 
agent, reducing gold and silver salts, and converting ferric 
chloride into ferrous chloride. It was by the analysis of this 
chloride that Pdligot ascertained that the supposed metal was 
in reality an oxide. 

Uranium tetrachloride combines directly with ammonia, 
forming the compound 3UCl i ,4NH a , and unites with the heated 
chlorides of potassium, lithium, and the metals of the calcium 
group, forming green salts, UCl^M'Cl or UCI |1 M ,I C1„ which are 
decomposed by water (Aloy). 

Benrath * considers that the greenish-yellow powder deposited 
when uranyl chloride dissolved in ether is exposed to sunlight 
is the oxychloride, U0C1,. 

Uranium Pentachloride, UC1„ is obtained by the direct union 
of the tetraohloride with chlorine. It exists in two distinct 
forms, according as it is produced slowly or quickly. When 
the current of chlorine is slow, the uranium pentachloride forms 
long, dark, needle-shaped crystals, which reflect light with a 
green, metallic lustre, but are of a splendid ruby-red colour 
when viewed by transmitted light. If the rate at which the 
chlorine passes be rapid, the pentachloride is deposited in the 
form of a light brown, mobile powder. Both forms are hygro- 

1 Aloy, Butt. See. eh\m., 1899, [81 El, 264; Roderburg, Zeit. anorg. Che m., 
1913, 8L 122; Lely and Hamhuigar, ibid., 1914, 87, 209; Rideal, J. So t, 
Chan. Ini., 1914. 88, 078. 

. * CoLml. Aim. CMn. P»y*„ 1907, [8], 12, 69. 

* Ztil mu. Photoeha*., 1917, 14, 263. 
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acopic, yielding yellowish-green liquids on exposure to the air 
(or a few minutes, and hissing and giving off fumes of hydro¬ 
chloric acid when thrown into water, tlranium pentachloride 
cannot be volatilised without partial decomposition, since 
uranium tetrachloride and free chlorine arc formed. The 
tetrachloride when similarly heated loses no chlorine. 1 There 
are Jensons for regarding uranium pentachloride as possessing 
the constitution UC1,-UC1 8 . The free hexachloride is not, how¬ 
ever, known. . 

Uranyl Chloride or Uranium Oxychloride, U0,Cl a , is formed 
when dry chlorine gas is passed over uranium dioxide at a red 
heat. The tube then becomes filled with the orange-yellow 
vapour of this compound, which solidifies to a yellow, crystalline 
mass, and is easily fusible, but not very volatile. When strongly 
heated in dry air, it yields chlorine and the dioxide, which then 
t becomes oxidised. 8 

Uranyl chloride is soluble in water, alcohol, or ether, and 
its aqueous solution yields on evaporation crystals of the hydrate, 
U0 1 C1„H,0. This may be obtained in solution by acting 
upon uranic oxide with hydrochloric acid, or by oxidising a 
solution of uranous chloride with nitric acid. 8 

Uranyl chloride forms double chlorides with the chlorides of 
the alkali metals. The ammonium salt, SNh^Cl.UOjClj^HjO, 
crystallises in rhombohedra from a syrupy solution of the mixed 
salts. The potassium salt, 2KC1,U0,C) 2 ,2H 2 0, is obtained by 
dissolving potassium uranate in excess of hydrochloric acid, 
adding potassium chloride, and evaporating, when large, rhombic 
tablets separate out, which havo a yellowish-green colour, and 
are very soluble,* The anhydrous compound can he obtained 
by passing the vapour of the oxychloride over heated potassium 
chloride. 8 Uranyl chloride combines also with the hydro¬ 
chlorides of the organic bases (Greville Williams). Several baaio 
chlorides have been described. 8 

1 Roeooe, Joum. Chen. Sot., 1874, 933; Rufl Mid Heinielmann, Ber., 

1909, 48, 492; ZtiU otierp. Chan., 1911, 72, 93; CamboulivM, Compi. rend* 

1910, 160, 179. 

* Oeohraer de Coninck, Aifn Chin. Phye., 1904, [8], 8, 000. 

> Bee Mylius and Diets, Ber., 1901, 34, 2774. 

» Bee Rim bach, Ber., 1904, 37, 491. 

* Aloy, Bull Boe. (Un„ 1901, [81 26. 163. 

* lhid., 1899, [3], 21. 913; Orloff, J. Bum. Phye. Che m. Soe., 1902, 84, 376; 
1903, 36. 913. 
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Uranium Tribromide, UBr,, lias been described aa dark brown 
needles . 1 

Uranium Telrabromide, UBr 4 , is obtained by heating in an 
atmosphere of bromine vapour a previously ignited mixture of 
uranous oxide and six times its weight of starch, or of the green 
oxide with sugar charcoal . 3 The bromide is deposited in the 
more strongly-heated portions of the tube in lustrous brown 
tablets of density 4-838 at 21 <, /4°. The density of its vapour 
is 19-5. It loses its lustre and becomes dull yellow on the surface 
in the presence of even traces of oxygen, fumes in the air, and 
is very deliquescent. 

Uranyl Bromide or Uranium Ozybromide, UO s Br s , is obtained 
by treating uranous oxide with bromine and water, or by dis¬ 
solving uranic oxide in hydrobromio acid. On evaporation, 
yeltow needles are deposited, which have a styptic taste and 
decompose when heated . 3 

Uranium Tetroiodide., UI 4 , described by Rammelsberg, is 
Obtained by dissolving uranous hydroxide in hydriodic acid. A 
green solution is thus formed which decomposes on evaporation. 
The solid substance is formed as a crystalline sublimate when 
iodine vapour is passed over uranium at a temperature of 600° 
in sealed vacuum tubes. It forms black needles melting at 
500°, and dissolves in water, giving a green acid solution.* 

Uranyl Iodide, UO,I„ is formed when a slight excess of barium 
iodide is added to an ethereal solution of the nitrate, and separates 
in red, deliquescent, unstable crystals . 5 

Uranyl chlorate, perchlorate, and iodate, and double compounds 
of the last-named with potassium iodate, have been described. 


Uranium and Sulphur. 

508 Uranium Sesguisulphide, UjS 5 , is prepared by beating 
UBr s in hydrogen sulphide, and yields uranium monosulphide, 
US, when heated in hydrogen . 1 

Uranous Sulphide, US* is obtained, according to Ptligot, 
when metallic uranium is heated in sulphur vapour. The mass 
takes fire and an amorphous, greyish-black powder is obtained 

1 AllbegoB, AnndUn, 1882, 233, 104, 131, 138. 

* Biohsrds sad MerigoJd, Zat. amor). Cktm., 1802, 32, 200. 

* See Oeohaoer de Conlnck, Suit. Acad. roy. Seif., 1902,12, 1026. 

‘ Quiobud, Comft. rad., 1907, 148, 921. 

* Aloy, Ana. dim. My.., 1901, [71 M, 412. 

' AlibegoS, Annaicn, 1886, 238, 117. 
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which becomes crystalline when ignited in absence of air. It 
may also be formed by passing a carefully dried mixture of 
hydrogen and sulphur vapour over sodium uranium chloride. 
The sulphide is thus obtained in small, flattened crystals. 1 

Ammonium sulphide always gives a black precipitate of tfie 
hydrated sulphide with uranous salts. In moist air it loses 
hydrogen sulphide and forms uranyl sulphide, UO*S. 

An oxysul-phide, UOS, is obtained when U0„U 4 0, or am¬ 
monium uranate is heated in hydrogen sulphide. 

Uranyl Sulphide, 110*8, is precipitated when ammonium 
sulphide is added to a solution of uranyl nitrate. It oxidises 
quickly on exposure to air, and dissolves easily in acids and in 
ammonium carbonate. When heated in the presence of water 
until all the ammonium Bulphide has been driven off, it decom¬ 
poses into sulphur and the dioxide. If air be excluded the 
ammonium sulphide acts as a reducing agent,* and the residual 
black powder has the composition U,0 1(l . Uranyl sulphide is 
formed in black, needle-shaped, tetragonal crystals when the 
green oxide is strongly heated with potassium thiocyanate and 
sulphur.* 

Uranium Red.—When hydrogen sulphide is passed into a 
solution of uranyl nitrate to which about 2-8 molecular propor¬ 
tions of potassium hydroxide have been added, an orange-yellow 
precipitate is produced which dries to a hard, amorphous, brick- 
red mass and has the composition 5U0„2K,O,H,S,. When 
this Bubstance is treated with potassium carbonate or hydroxide 
it is converted into uranium red, which is a blood-red precipitate 
and dries to a brittle, amorphous mass resembling potassium 
permanganate in appearance and yielding a carmine-red powder. 
This compound has not been obtained free from water, but has 
the composition BUOj^KjOjHSjK.sHjO, and is converted into 
the orange-yellow substance by carbonic acid. Acids decompose 
it with liberation of half the sulphur as free sulphur and half 
aa hydrogen sulphide. 4 An analogous ammonium-red can be 
obtained by the action of ammonium sulphide on uranyl nitrate, 
and it was in this way that uranium red was first prepared.* 

> Colooi, Ann. aim. Phy,.. 1907, [8112. 89. 

* for conditions oi forastlin of umutu sulphide, He WiUce-DSrfnrt, Chen. 
Zentr., 1921, i„ 170. 

* MUbeoer, Ztit. anorj. Chan., 1901, 42 . 448. 

- * Kohbohfltter, Annalen, 1900, U4, 811. 

1 Paten, J. pr. Chtm., 1880, U. 122; RemeW, Annalen, 1888,128, 209; 
Zumfermutn, ibii., 1880, 201 204. 
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The seUnidea, USej.and U„Se 3 , and the lellttride, UgTe^ have 
been obtained iff the crystalline state by heating the double 
chloride, UCl i> 2NaCl, in hydrogen containing the vapour of 
selenium or tellurium. 1 A crystalline uranyl seleniile, UOjSe, 
is obtained by heating the green oxide with potassium cyanide 
and sulphur.* 

Uranyl Sulphite.—When sulphur dioxide is passed info a 
solution of uranyl acetate, a crystalline precipitate is produced 
which has the empirical composition UOjSO^HjO and was 
regarded by Girard 3 as the normal sulphite, UCVS0 3 ,4H 3 0. 
Kohlschiitter, 4 however, formulates it as a uranyl sulphurous 
acid, SOjH'U0,-OH,3H 3 0, and has prepared a number of 
complex alkali salts. A basic uranous sulphite, U0-S0„2H,0, 
is also believed to exist. 

Uranous Sulphate, U(S0 4 ) 3 ,9H,0, crystallises from aqueous solu¬ 
tion in greenish, monoclinic, twinned prisms and is isomorplious 
with crystallised thorium sulphate. 3 It is, however, usually 
obtained with 8II a O. In order to prepare this salt, the green 
oxide, Uj0 8 , is dissolved in dilute sulphuric acid and the solution 
allowed to crystallise after addition of Borne alcohol. The 
mother-liquor, which contains uranyl sulphate, yields another 
crop of crystals of uranous sulphate after it has remained exposed 
to the light, inasmuch as the uranyl salt present in solution is 
reduced by the alcohol. 

Sodium thiosulphate has also been found a satisfactory 
reducing agent. Uranous sulphate forma a stable hydrate 
with 4H,0 and several other hydrates, and is readily decomposed 
by water with formation of basic salts.* It forms double salts 
with the sulphates of ’ the alkali metals; 1 as, for instance, 
U(S0 4 )„K a S0 4 ,2H t 0, and UtSO.bAfNH^O^HjO. 

An acid uranium sulphate, (US0 4 ),H, containing tervalent 
uranium, has been obtained by an electrolytio method. 8 

1 Colani, Ctmpl. mi., 1003, 187, 308. 

• Milbauor, Ztii. unary. Cleat., 1904, fit 480. 

• Compt. rend.. 1882, 84. 22. 

• Annoltn, 1600, 81L 1. 

,* Rammelebeig, Ztit. Krgd. Mi*., 1886,18, 640. For » general disouMinn 
of the relation of arenoua ults to those of thorium, see Fleok, J, Clem, Sot., 
1914, 108, 247. * 

• Orfoff, J. Ruu. Plyi. Clem. Sot., 1902, 84, 381; Oeohawr do Coninok. 

Bull. Acad. rojr. Bdg,, 1601, 483; Xohbohfltter, her., 1901. 84 3628; Giolittl 
and Bocoi, Quo., 1906, 88, it, 181, 162; Oiolitti and Liberi, tW., 1900, 86, 
1L, 443. 'Bee KnbleohQtter, Bet., 1901, 84 3619. 

• Roeenbelm and Loebel, Ztit. anerf. Clem., 1908, 87, 234. 




Uranyl Sulphate, UOj’SOj.SHjO, is obtained by beating 
uranyl nitrate with sulphuric acid, and does not crystallise 
leadily. It dissolves in about 20 parts o'f water at the ordinary 
temperature . 1 When dissolved in moderately concentrated _ 
sulphuric acid, fine, yellowish-green, fluorescent crystals of 
U0 4 S0 4 ,H,S0 4 are deposited on cooling, whilst from a solution 
in concentrated sulphuric add crystals of a disulpfaate, UO a 'SgO ; , 
are deposited, which do not fluoresce. By the gradual oxidation 
of the pitchblende found in Joachimsthal, several new uranium 
minerals have been formed. Amongst the more important are 
certain sulphates, such as uranium-vitriol or johannite, and 
some basic sulphates. 

Uranyl sulphate forms double salts with the sulphates of the 
alkali metals, such as UOjSOj.KjSO^HjO. This is very 
soluble, and crystallises in yellow crusts, whilst the sparingly 
soluble ammonium salt, U0 4 'S0 4 ,(NH 4 ) 2 S0 4 ,2H 4 0, is deposited 
in monoclinic, lemon-coloured prisms.* 

Uranyl selenite, sdenate, chromates, molybdates, and tungstates 
have been studied, and their existence has been confirmed. 

Uranium and Nitrogen, Phosphorus, Arsenic, and Boron. 

509 Uranium Nitride —Uranium combines directly with 
nitrogen at 1000 °, forming a yellow nitride , 5 the composition of 
which is not stated. The nitride, UjN* is obtained as a grey 
or black powder by heating the tetrachloride in ammonia, 
mixing the product with ammonium chloride, and again igniting 
in an atmosphere of ammonia . 4 

Uranyl Nitrate, U0,(N0 3 ) 1 ,6H J 0.—This salt, which is com¬ 
monly known as uranium nitrate, is prepared by dissolving any of 
the oxides of uranium in nitric acid. It crystallises in fine, lemon- 
yellow, fluorescent, rhombic 6 prisms, which are soluble in half 
their weight of water * and deliquesce on exposure. Icositetra-, 

> Oechroer tie Conlnolt, Bull. Acad. ray. Brig., 1601, 222, 349; 1902, 94,161. 

* See ftleo Ocabsner de Coninck, Bull. Acad. ny. Btlg., 1904, 1171; 1906, 
60. 04, 161, 182. 

* Moiesui, Compl. rend., 1896, 12S, 274. 

* Kohltchflttei, Annalen, 1901, 817, 158. See aleo Colani, Comp l rend., 
1903, 137, 382; Hebei and* Greenwood, Zeil. Elektrachm., 1915. 2L 241; 
Oer. Pet. 229120. 

* See, however, Queroigh, Riv. min. oriel. Ital., 1915, 44, 6. 

* Sec Oochener de Coniaok, Compl. rend., 1900, 181, 1219, 1303; 1901, 
132, 90, 204; Bull. Acad. ny. Bet/., 1001, 222; BuU. Boc. chim., 1916, [4], 
17, 462. 
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tri-, di-, and mono-hydrates and the anhydrous salt are known 
to exist. 1 The aqueous solution has an acid reaction owing to 
the partial hydrolysis of the salt.* The nitrate is prepared 
commercially by igniting ammonium uranate, {NII 4 ) s U,O t , and 
dissolving the oxide in nitric acid.* When crystals of uranyl 
nitrate are shaken or ground together, triboluminescence 
(emission of light under such conditions) is observed. The 
explosive property of uranyl nitrate, which has in these circum¬ 
stances frequently been observed, is apparently not an inherent 
property of the salt, but is attributed to the presence of an 
unstable compound produced when nitric acid is present during 
its recrystallisation from ether.* Uranyl nitrate readily forms 
double salts with the alkali nitrates.* 

Uranium phosphide, U 3 P 4 , arsenide, U s As 4 , and anlimoniile, 
U a Sb 4> have been prepared by Colam * in a similar manner to 
the telluride as black, crystalline powders, readily oxidised by 
nitric acid. 

Uranyl hypophosphite, UOj(H s PO,) 2 , and complex alkali salts 
have also been prepared. 7 

Uranous metaphosphate, U(PO s )„ uranous pyrophosphate, 
UP,0„ and uranous orthophosphate, U s (P0 4 ) 4 , have been pre¬ 
pared by Colani, 1 as well as complex salts with alkali- and 
alkaline carth-mctal phosphates. 

Uranyl Phosphates.—The normal orthophosphate is not known. 
The mono-hydrogen salt, H(U0j)1*0 4 ,4H,0, is deposited in 
yellow, tetragonal plates from a solution of precipitated uranium 
phosphate in hot water acidified with hydrochloric acid.* When 
uranic oxide is treated with phosphoric acid, a crystalline 
powder is obtained which is partially soluble in water, and the 
solution deposits yellow crystals of the di-hydrogen salt, 

1 de Fore rend, Compt. rend., 1913, 1M, 1044, 1207; Ann. Chim., 1910, [0], 
3, 5; Gormans, J. Amur. Chen. Soe., 1922, 44, 1469. 

» Ley, Zeit. pkyiikal. Che m., 1899, 80, 193; Her., 1900, 38. 2868; Dittrich, 
Zeit p hyeikal. CIbu, 1899, 29, 449. See also Gomel, Anal. FU. Qutm., 1918, 
17, 24. 

• Jsnda, Outer. Zeit. Strj.-HuU., 1901, 48, 326. 

‘ Ivanov, J. Bum. Pkyi. Chen. Soe., 1912, 44, 078; Chen. Zut., 1912, 38, 
2g?, 499; Andrew, ibid., 1912, 88, 1463; J. Amer. Chun. Soc., 1912, 34, 
1086; Eichhorn, Chun. Zeit., 1914, 88. 139; Holler, ibid., 1916, 40, 38; 1917, 
41,439; Siemaeen, ik'd., 1919, 43, 287; Mi., ft22,48,450. 

• Meyer and Wendel, Her., 1903, 88, 4066; Rimbach, ibid., 1904, 37. 461. 

• Compt. rend., 1903. 137, 382. 

» Roaenheim and Trewondt, Bet., 1922, 58, IB}, 1957. 

■ Ann. Chim. Phye., 1907, [8], 12, 69. 

• Beorgeoia, BmB. Soc. /ra*f. 1/in., 1898, 2L, 32. 
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U0,(H 1 P0 1 )„3H 1 0. Both the pyrophosphate and the meta¬ 
phosphate have been described. 

Uranyl Ammonium Phosphate, UOjNHjPO*, is a greenish- 
yellow precipitate, insoluble in acetic acid, obtained by adding a 
soluble phosphate to a solution of nranyl acetate containing 
ammonium chloride. This reaction is employed for the 
volumetric estimation of uranium, or of phosphoric acid. 

Uranyl Arsenates.—Several of these compounds exist as minerals 
(Winkler). Trogerite has the composition (U0,),(As0 4 )j,12Hj0; 
walpurgite is a basic arsenate of uranyl and bismuth; urano- 
spinite is an arsenate of uranium and calcium. Various simple 
and complex arsenates have been prepared artificially. 

Uranium Boride, UB a .~When an electric arc is produced 
between electrodes of compressed powdered boron and uranium, 
a boride, UB,, is formed, having a metallic appearance. It is 
stablo towards alkalis and acids with the exception of a nitric- 
hydrofluoric acid mixture, but is readily attacked by fused 
alkali hydroxide . 1 


Uranium and Carbon. 

510 Uranium Carbide, UC,, is obtained by strongly heating 
a mixture of 600 grains of green uranium oxide and 60 grams of 
charcoal in the electric furnace, and is a crystalline, lustrous 
solid, which scratches rock crystal but not corundum, and has a 
density of 11-28 at 18°. It was considered by Moissan to possess 
the formula UjCj. It is attacked by fluorine when gently 
warmed, by chlorine at 360°, and by oxygen at 370°. In contact 
with water, about one-third of the carbon is evolved as a gaseous 
mixture containing 0-2-0-7 per cent, of acetylene, 6-0-7'Q per 
cent, of ethylene, 78-81 per cent, of methane, and J3-5-15-0 » 
per cent, of hydrogen, the remainder of the carbon being con¬ 
verted into a mixture of solid and liquid hydrocarbons.* When 
two pieces of the carbide are rubbed together, or even Bhaken 
in a bottle, brilliant sparks are given off. 

Uranyl Carbonates.— Double salts of uranyl carbonate and 
alkali carbonates are obtained by precipitating a uranyl salt with 
an alkali carbonate. The potassium salt, UO t 'CO„2E^CO a , 

1 Wedekind, Be., IMS, 46, UBS. 

• Moines, Comp I. read., 1896, US, 274; Lebeen, Cm.pt rad., 1811, 16S, 
966; Butt. Sat. eAit*., 1911, [4], 8, 612; Lebeen end Dejnlen*, Compl. rend., 
1913, 160, 1987; PoluehWo, Iran a ad Sltti Inti., Canugit & Aof, Mm+ 1920, 
10, *29. 
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is obtained by dissolving potassium uranate in potassium 
bicarbonate, and evaporating at a moderate temperature, when 
the compound is deposited in silky, crystalline crusts . 1 Water 
dissolves at the ordinary temperature 7 per cent, of its weight 
of this salt. The corresponding sodium salt is obtained in a 
similar way, and possesses similar properties. The ammonium 
compound, UOj'COj^NH^gCOj, is prepared by gently warming 
ammonium uranate with a solution of ammonium carbonate, 
and separates put on cooling in lemon-yellow, small, flat, mono¬ 
clinic prisms. It dissolves at the ordinary temperature in 
20 per cent, of water, but is less soluble in water containing 
ammonium carbonate. The mineral liebigite is a uranyl calcium 
carbonate, UOjCO j,CaCOj, 10H,O, which occurs as an apple- 
green, warty mass, together with other uranium minerals, 

Cyanide*, etc. —Potassium uranyl cyanide , 8 K,[UO t (CN)J, 
uranyl cyanate,* UO,(CNO) a , and its complex salts, and uranyl 
thiocyanates,* UO^CNSJj.SHjO, and its double salts have been 
described. 

Organic Complexes.— Complexes with formic, acetic, oxalic, 
and a number of other organic acids have been studied . 6 

Uranium Silicide, USi t , has been prepared by an alumino- 
tbermic method. It is a grey, lustrous powder which is not 
easily attacked by oxygen.* 

Detection and Estimation of Uranium. 

51 i The uranoua salts are green and pass rapidly by oxida¬ 
tion into the uranyl salts, which have a yellow colour, and yield 
with alkalis or alkali carbonates yellow precipitates of the 
alkali uranates. Although uranyl salts do not give precipitates 
with cupferron {nitrosophenylhydroxylamine), uranoUB salts are 
completely precipitated by this reagent . 7 Uranyl salts with 
ammonium sulphide yield a brown precipitate of uranyl sulphide, 

1 See aleo Oeohaner do Coninck, Balt. Acad. ray. Brig., 1904, 383, 448. 

* Aloy, Ann. Okim. Pkye., 1901, [7], 24. 412. 

* Pascal, Bull. See. chim., 1914, [5], 16. 11. 

« Pascal, Compt rod., 1914,168, 1872. 

i For reoent work, eee Mauncchelli sad d'Alaeo, Atti K. Acad. Lined, 
1912, [SI 81, li., 820, 850; 1913, [8]. 22, I., 41; Courtois, Compt rend., 1914, 
168, 1511, 1688; Henri and Landau, Aid., 1914* 168, 181; Mauuooholll and 
Sabatini, Qua., 1916, 46, [2], 225; Bauer, Sckveiz. Ckem. Ztit., 1918, 2, 40; 
HaM, Ztit. pkyeihd. Ckem., 1918, 88, 512. 

* Defaoqz, Compt rend., 1903, 147, 1080. 

* Auger, Compt read., 1020, 170, 996. See also Browning, J. Amer. Ckem. 
Sue., 1021, 48, 114. 
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UO,S, soluble In dilute acids and in ammonium carbonate; 
potassium ferrocyanide also yields a brown precipitate. In the 
absence of sulphuric or hydrochloric acid, uranium compounds 
in nitric acid solution yield, after the addition of excess of zinc, 
H yellow deposit on the metal, consisting of the hydrated trioxide.' 

In the general separation of the metals, uranium is obtained 
together with iron. In order to separate these, advantage is 
taken of the solubility of uranium oxide and uranates in ammon¬ 
ium carbonate solution, a complex ammonium uranyl carbonate 
being formed. When a uranium compound is fused with 
microcosmic salt in the oxidising flame, a yellow bead is obtained 
which on cooling becomeB green, and on re-heating attaina a 
darker green colour. In the reducing flame, the bead is green. 

Most of the uranyl salts show a strong fluorescence, and give 
a characteristic absorption spectrum, which has been examined 
by Morton and Bolton, 1 whilst the fluorescence and phosphor¬ 
escence spectra have been described by E. Becqucrcl 5 and 
H. Becquerel. 4 

The uranium compounds do not impart any tint to the non- 
huninoua gas flame. The spark spectrum of uranium is a 
complicated one, and has been mapped by Thalen. It consists 
of a large number of hues, of which five in the green are con¬ 
spicuous by their brightness, viz., 6495, 6482, 5480, 5478, and 
5475; there are also three specially bright lines in the more 
refrangible portions, viz., 4473, 4363, and 4341. 5 

In order to estimate uranium it is precipitated as uranyl 
ammonium phosphate and weighed finally as uranyl pyro¬ 
phosphate, (UO,)jP s O,, or it is converted into a uranyl salt, 
precipitate'! with ammonia,* and the washed precipitate con- 

‘ Buell, J. Ini. Eng. ChenI; 1022.14, 593. 

■ .We, Chenitt, 3, 360, *01. See also Vogel, Her., 1873. 8, IMS: 1878, 
11, 916; Zimmermans, Anndt*n, 1882, 218, 286; Marrocoholli and Ferret, 
Atti R. Aeead. Lined, 1913, [81 82, ii„ 445. 

* Compt. rend., 1873, 78; 187^ « 1*37. 

4 Ibid.. 1886, 101, 1252; 1907, J44, 469. 

1 8m also Eroer and Haeohek, " Die SptHrtn ia ElemenU bei nomalen 
Druct,” Iaiptig, 1911; Siegbahn arid Frimso, Phyaial. Zeit., 1918, 17, 17, 
61; PM. Hag., 1918, £6J, O, 40S;\1916, (8], 32, 36; Siegbahn, Pir. <feufc 
phytikU. Oa„ 1916,18,160; DanrdUf Compt. rend., 1981,178, 1380; Moir, 
Tram. Roy. Soe. South Africa, 1981,10, ? 3 - 

4 Sehwan, Beiv. CKim. Ada, 1920, 8, 3SP- A summary of the beet method* 
ie also siren by Kern, J. Ana. Chan. Soe.;. 1*01, 23, 886. Booent paper* on 
the lobjeot are: Konig, Clem. ZtiU 1913,\®7, 1108; Wonder and Wenger, 
Zeit. anal Chan., 1914, 68, 371; Turner, A't**- 8** 1916, [41 42, 109; 

SohoH, J. Ini. Eng. Chan., 1919, U, 848; iWA 1*», 12, 80. 
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verted by ignition in hydrogen intfl the broWn oxide, UO r 
Small quantities may be estimated colorimetrieally by com¬ 
parison of the red coloration obtained when a uranyl salt is 
treated with sodium salicylate. 1 Further, it may, like iron, be 
estimated volumetrically with a solution of potassium per¬ 
manganate, the uranyl compound being previously reduced to 
the uranous state by the action of sine and sulphuric acid, or 
of titanous sulphate,* ot a solution of uranyl acetate may’be 
titrated with sodium phosphate. 

The Atomic Weight of uranium was determined by Peligot 
by the analysis of the tetrachloride, which he found to contain 
37-2 per cent, of chlorine, whence he calculated the atomic 
weight to be 237-6. He afterwards obtained the number 238-3 
by the conversion of the acetate, U0 2 (C,Hj0j),H s 0, into the 
dioxide. Zimmermann, on the other hand, by the same method, 
obtained the number 237-7, whilst from a series of experiments 
in which he converted the dioxide into the green oxide and vice 
versa the number 237-8 was found.’ Aloy, 4 by the determination 
of the ratio UOo: N in pure uranyl nitrate, obtained the value 
237-6 (N = 13-93), which becomes 237-1 when the more modern 
value N = 13-90 is adopted. Richards and Merigold, 6 by 
analysis of the very carefully purified tribromide, obtained the 
value 238-5, whilst Lebeau* found the same number by the 
reduction of uranyl nitrate dihydrate to .uranium oxide by 
heating the salt in a current of hydrogen to 1100°. Oechsner 
de Coninck, 7 by igniting uranyl oxalate to the dioxide, obtained 
the value 238-4; that of Honigschmid, 8 by the conversion of 
the tetrabromide to silver bromide, was 238-175. Honigschmid 
and Horovitz, 8 by determinations of the sarao ratio, obtained 
an atomic weight of 238-043 ± 0018 when the tetrabromide 
was finally sublimed in bromine vapour, and 238-159 ± 0-023 
when it was finally sublimed in nitrogen. The actual atomic 
weight appears, therefore, to be not higher than 238-2; hence 
this number is now (1922) adopted. 

1 MttUer, Cktm. Zot , 1019, 43, 730. 

9 Newton end Hogbee, J. Ama. Cktm. Sot., 1916, 87,1711. 

Aimakn, 1886, 2U. 299. 

4 Omnpfc retd., 1901, 138, 661. * Zed. enorg. Cke m„ 1002, 31, 238. 

• C<mpi. rtni., 1012, U6. 183. ’ /6id:, 1611. 

• Ibid., 1014, 168, 2004. * JfowOA, 1916, 87. 186. 
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• Sub-group (a) Sub-group (6) 

Manganese. Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

512 In the periodic system, manganese is the only repre¬ 
sentative of the even series of the seventh group known. 

The halogen elements have already been described in Vol. I. 
The analogy of manganese with these elements is almost entirely 
confined to the derivatives of its highest oxide, Mn,0 7 . To this 
oxide corresponds permanganic acid, HMnO t , the salts of which 
are isomorphous with the perchlorates. 

In its general behaviour, however, manganese shows strong 
resemblances to chromium, iron, and its neighbours in the same 
horizontal series of the periodic table : 

Group. IV. V. VI. VII. VIII. I. U. 

Element Ti V Cr Mn (Fe Co Ni) Cu Zn 

Manganese, titanium, vanadium, chromium, iron, cobalt, and 
nickel are all hard, white metals of high melting point. Man¬ 
ganese, iron, cobalt, and nickel, or their alloys, have strong 
magnetic properties. The whole of the elements in the above 
series have a great tendency to form double or complex salt*. 

They all form oxides of the type RO, and a series of salts in 
which the metal is divalent; many examples of isomorphism 
between manganous and the corresponding ferrous, cobaltous, 
nickelous, cupric, and zinc compounds are known, but our 
knowledge of the divalent compounds of titanium, vanadium, 
and chromium is slight. 

With the exception of copper and zinc, all these elements form 
an oxide of the type RjO a and salts in which they are trivalent, 
a well-known isomorphous series being the alums which are 
formed by titanium, vanadium, chromium, manganese, iron, and 
cobalt. Manganese, like chromium and iron, forms mixed 
oxides with other elements of the type RO.MnjO,; it also forms 
U7D 
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an oxide, Mn,0 4 or Ma0,Mn,0„ analogous to the similar com¬ 
pounds of iron, cobalt and nickel. 

Manganese baa a dioxide, MnO„ isomorphous with rutile, 
TiO a ; vanadium, chromium, cobalt, and nickel also form 
dioxides, all of which, except the chromium compound, can act 
aa weak acidic oxides and form manganites (e.g., CaMn0 3 ), 
ti tana tee, vanadites, cobaltites, and nickelites. Though iron 
dioxide is unknown, corresponding compounds (e.g., BaFe0 3 ) 
are known. The dioxides of manganese, titanium, and vanadium 
can also act as basic oxides, and give rise to a series of salts in 
which the metals are tetravalent. 

Manganese, like chromium, has a trioxide, MnO a , which is a 
purely acidic oxide and forms manganates (e.g., K 2 Mn0 4 ), which 
are isomorphous with the corresponding chromates and ferrates. 

MANGANESE. Mn = 54 - 93 . At. No. as. 

513 Black oxide of manganese, manganese dioxide, or pyro- 
lusite was known in early times, but for a long period this com- 
pound was confounded with magnetic iron ore, and this fact 
explains the statement of Pliny that loadstone was employed 
in the manufacture of glass for the purpose of removing or 
attracting the impurities of colouring- matters out of the glass. 
He distinguished, moreover, special kinds of magnes; one of 
these, which is of the feminine gender, doeB not attract iron: 
“ magnes qui niger est et feminei sexus, ideoque sine viribus.” 

, This probably was manganese dioxide. The derivation of the 
word magnet appears to be doubtful. In the Middle Ages 
loadstone was distinguished as magnes or magnesius lapis. 
Pyrolusite, however, was termed magnesia probably because 
Pliny had already pointed out the existence of two species of 
loadstone. Many of the alchemists, however, believed it to be 
an ore of iron. They likewise mention its use in glass-making, 
and in the Latin manuscripts of the sixteenth century it is termed 
lapis manganensis, or some similar name. 

• In 1740, Pott, in his treatise entitled “ Examen chymicum 
magnesia vilrariemm, Oermanis Braunstein,” proved that the 
black oxide of manganese did not contain iron, and that from it 
a definite series of salts could be obtained. He did not, however, 
suggest that it contained a new metal. Scheele’s celebrated 
investigations on manganese were published in the year 1774. 
In these he showed that the mineral manganese possesses a strong 
attraction for phlogiston, and that it takes this substance, up, 
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uniting with acids to form colourless salts, this being explained, 
according to our present views, by the fact that it gives oft 
oxygen. On the other hand, the solutions of manganese which 
did not contain phlogiston were shown to be coloured. Soheele 
believed that the earth contained in this mineral resembled lime; 
but in the above-mentioned yeaT Bergman, founding his deduc¬ 
tions upon Scheele’s experiments, came to the conclusion that 
manganese was probably the calx of a new metal, inasmuch as it 
coloured glass, and its solutions were precipitated by prussiate 
of potash, these being reactions oommon to the metallic calces. 
Gahn was, however, the first to isolate the new metal. In 
Germany, this was called braunstein-kdnig or braunstein-metal. 
In other languages, in which braunstein was termed magnesia 
niger, in order to distinguish it from magnesia alba, the metal was 
called manganese or maeganesiura. 

Manganese occurs in nature chiefly as the dioxide or pyrolusite, 
MnOj. It is found also in the following minerals: braunite, 
MnjOj; hausmannite, Mn,0 4 ; psilomelane, (Mn,Ba)0,Mn0,; 
manganite, Mn/) 3 ,H,0; rhodocrosite or manganese spar, 
MnCOj, which also frequently oocurs as an isomorphous con¬ 
stituent in ferrous carbonate and other similar minerals. Man¬ 
ganese occurs also as alabandite or sulphide of manganese, MnS; 
and hauerite, or manganese disulphide, MnSj. It likewise forma 
an essential constituent of many other minerals, although occur¬ 
ring in them only in small quantity. Thus, for instance, most 
silicates contain manganese, which frequently imparts to them 
their peculiar colour. By means of these minerals the metal 
manganese passes into the soil and into drainage water, whence 
it is absorbed in small quantities into the bodies of plants and 
animals. 

The natural oxides of manganese usually contain traces of 
potassium, rubidium, silver, and copper, whilst gallium, indium, 
and thallium are occasionally present . 1 

514 Preparation of Metallic Manganese —The higher oxides of 
msnganese can be reduced only to manganese monoxide at a 
red heat, the metal not being formed either when the oxide is 
heated alone or mixed with charcoal in a current of hydrogen 
until the temperature rises to white heat. The original method 
of preparing the metal, proposed by John,* depends upon this 
fact. Finely divided oxide of manganese, obtained by the 

1 Hartley end Bamege, Jaunt, dm. Sat., 1887, 71, #33, 

« Geblen'a Jottm. Clem. Phyi., 8, M2. 
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calcination of the carbonate in a covered crucible, is well mixed 
with carbon, and the mixture formed into a paste with oil; the 
paste is then introduced into a crucible lined with charcoal, and 
the upper portion completely filled with powdered charcoal. 
The crucible is first heated to redness for half-an-hour to solidfy 
the mass, after which the cover is carefully luted down, and the 
whole exposed to a wind furnace for an hour-and-a-half to the 
highest temperature which the crucible can support without 
fusing. The regulus thus prepared contains both carbon and 
silicon derived from the ashes of the wood charcoal. By igniting 
the metal a second time in a charcoal crucible with some borax it 
was obtained by John in a more fusible and brilliant state, and 
so free from carbon that it left no black residue when treated 
with an aeid. 

Deville’s method 1 consists in mixing red manganese oxide, 
Mn^Oi, prepared by heating the artificial dioxide, with sugar 
charcoal insufficient in quantity for complete reduction. The 
mixture is heated to whiteness in a doubly-lined crucible. The 
regulus obtained is coated with a violet, crystalline mass, appar¬ 
ently calcium-manganese spinel, Ca0,Mn,0,. 

Jordan* describes a method of preparing metallic manganese 
on a large scale by treating manganese ores in a blast furnace. 
Tho metal obtained is really ferro-manganeso, containing 85 per 
cent, of manganese, 6 per cent, of carbon, 8 per cent, of iron, and 
traces of silicon, sulphur, and phosphorus. 

Other processes of preparing the metal consist in igniting 
a mixture of fluor-spar and chloride of manganese with metallic 
sodium,* or gradually adding 15 gTams of metallic magnesium to a 
fused mixture of 100 grams of manganese chloride and 200 grams of 
potassium chloride. 4 The metal may be obtained also by the 
electrolysis of a concentrated solution of the chloride according 
to the process described by Bunsen,* or by heating the amalgam, 
which can be prepared clectrolytically.* 

The method of reducing manganese oxide by aluminium is 
due to Greene and Wahl,’ who devised it for producing the 
pure metal cheaply. The metal they obtained contained 96-5 per 
sent, of manganese, 2-0 of iron, and 1-5 of silicon, 

A considerable amount of metallic manganese has been made 

> Ann. Chim. Pky,.. I860, [3L 49, 182. * Compl. rend., 1878, 88, 1374. 

* Bra hum. Fogg. Ann., 1867,101, 264. * Glatael, Ba„ 188#, 22, 2857 

‘ Fogg- Ann., 1864, 91, 819. « Prelinger, Monatik., 1894,14,853. 

' Tram. ,4mmca» InttiMe o] Mining ingineeri, 1883,21, 887. 
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by the Goldschmidt process (p. 737)- of a high degree of jrarity. 
Lebeau 1 has, however, shown that metal so produced may con¬ 
tain as much as 5-26 per cent, of silicon. ‘ 

With regard to the preparation of manganese in the electric 
furnace,* Moissan proved that by using excess of oxide, the 
reduced metal might be obtained free from carbon and silicon, 
This method has recently been put into commercial use, but the 
efficiency of the process is not such as to yield metal at a low 
cost, for Moissan has shown that manganese is highly volatile at 
electric furnace temperatures, and that as much as 400 grams 
of the metal may be volatilised in ten minutes in the electric 
arc. High grade ferro-manganese, and other alloys such as 
silico-manganese, are produced in large quantities in electric 
furnaces. 

Manganese has been obtained also by electrolysis. Ferro¬ 
manganese anodes are allowed to dip into fused sodium chloride, 
<■ and an electric current is passed. Pure manganese is deposited 
at the cathode* It has been prepared also by electrolysing 
manganese dioxide dissolved in fused fluorspar. 4 

Properties — Small amounts of impurities influence the proper¬ 
ties of manganese considerably; since none of tho methods of 
preparing the metal yield an absolutely pure product, its properties 
depend largely on how it has been prepared. Obtained by the 
reduction process, it is a grey or reddish-white metal, having the 
colour and appearance of cast iron. It is very hard and brittle, 
has a specific gravity of about 7-3, and oxidises so easily in the 
air that it must be kept under rock-oil or in well-sealed vessels. 
Ferro-manganese is, however, unalterable in the air, Manganese 
is readily dissolved by all dilute acids, yields sulphur dioxide 
with hot concentrated sulphuric acid, 5 and decomposes water 
with evolution of hydrogen, even in the cold, more rapidly when 
heated. It melts * at 1280° and boils under atmospheric pressure 
at about 1900° (Greenwood) 7 ; its atomic heat increases from 
4-51 between the temperatures —188° and —79°, to 5-90 at 0°; 
6-29 at 100°, and 9-09 at 600° (Estreicher and Staniewski 9 ; 
Lammel *): its average compressibility between 100 and 500 

1 Aim. Chin. PAft., 1904,1, M3. * Comjd. rend., 1899, lit, 1429. 

• 0«r. Pat. 74999. • Eng. Pat. 17190. 

• Adie, Pne. Chan. See., 1899,15, 183. 

• BurgtM and WaltenbMg, J. WoMnyton Acad. Sci., 1913, 8,371. 

• Pne. Has. See., 1909, tt, [A], 898. 

• Buff. mltm. Acad. Set. Cracow*, 1918, [A], B34. 

• Ann. «*«*., 1903, (iv), 18, 561. 
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megaljps is 0-000,000,67 {Richard# and Stull ).* It is para¬ 
magnetic, hut becomes ferromagnetic on heating: it is exceptional 
in that its magnetic properties are not intensified by cooling 
in solid hydrogen (Weise and Kamerlingh Chinee).* Manganese 
oombines rapidly with nitrogen above 1210 °. 

515 Alloys of Manganese. —The alloys of manganese and copper 
closely resemble those of tin and copper.* Those which contain 
from 5 to 8 per cent, of manganese are malleable, but those in 
which a higher percentage of manganese is present become grey 
and brittle. 

Manganese bronze is made by adding cupco-manganese con¬ 
taining about 2B per cent, of manganese to molten brass. For 
industrial purposes it contains from traces to 2 per cent, of 
manganese, 39 to 41 per cent, of zinc, and less than 1 per cent, 
each of tin, iron and aluminium, the rest being copper. 

Manganin is a copper-manganese alloy containing small 
quantities of nickel. Its electrical resistance has a veiy low 
temperature coefficient, and it is largely used in the manufacture 
of electrical resistances. 

Alloys of manganese with aluminium, antimony, tin, bismuth, 
arsenic, and boron are noteworthy owing to the remarkable 
magnetic properties which they possess.* 

The alloys of manganese and iron, such as manganese steels, 
* spiegel iron, and ferro-manganese, will be described under iron. 

Manganese Amalgam is prepared by electrolysing a saturated 
solution of manganous chloride, mercury being used as tho 
negative pole. 

COMPOUNDS OF MANGANESE. 

Manganese and Oxygen. 

516 Manganese forms a aeries of oxides, of which the follow¬ 
ing ate the best defined: 

Manganese monoxide, MnO, 

Trimanganese tetroxide, Mii^O* 

Manganese sesquioxide, Mn,0„ 

Manganese dioxide, MnOj, 

Manganese trioxide, MnOj, 

Manganese heptoxide, Mn,0 7 . 

‘ Pvh. Cam. Inst* 1907,78, SB . * Comft. rend.. 1910,150, 687. 

, y * YabnulcnaM, Comft. rend., 1870, 70. 607. 

1 Hogg, Brit. Assoc. Rifats, 1892, 671; Homier, Btr. deuL pAj isitai. Gei,, 

, 1603,6, 220. 




1176 


MANGANESE 


The first of thbse is a poVerful b&ic oxide, whilst the sesqui- 
oxide is feebly basic, giving rise to an unstable series of salts, 
and the oxide, Mnj0 4 , behaves in many fespects as a compound 
of the two. The dioxide acts as a weak acidic oxide, yielding 
with strong bases salts known as the manganites. Manganese 
trioxide and the heptoxide are well-marked acid-fonuing oxides. 
Thq manganates, derived from manganic acid, HjMn0 4 , are very 
unstable, and as already mentioned are isomorphous with the 
sulphates and chromates, Permanganic acid, HMn0 4 , is a 
strong acid and yields stable salts, which are isomorphous with 
the perchlorates. 

Manganese Monoxide, or Manganous Oxide , MnO, is best 
prepared by fusing together a mixture of equal parts of anhydrous 
manganese chloride and sodium carbonate to which some 
ammonium chloride has been added, and lixiviating the fused 
mass with water. 1 It is obtained also when a higher oxide 
or the carbonate is ignited in a current of hydrogen. Manganous 
oxide ia a greyish-green powder, which fuses at 1650° * without 
loss of oxygen. It has a specific gravity of 6-09. When the 
powdered oxide is heated in hydrogen containing a very small 
quantity of hydrogen chloride, it is obtained crystallised in trans¬ 
parent, regular octahedra of an emerald-green colour and an 
adamantine lustre.’ It has been found in Sweden as the crystal¬ 
line mineral manganosite. 

Manganous Hydroxide, Mn(OH)„ iB obtained as a white pre¬ 
cipitate when caustic alkali is added to the solution of a manganese 
salt. As it oxidises rapidly in the air and assumes a brown 
colour, forming the oxide Mn 3 0 4 and finally Mn,O a , it must be 
precipitated in an atmosphere free from oxygen, and dried at a 
.moderate heat in a current of hydrogen. The powder thus 
obtained is frequently pyrophorio and when touched with a 
piece of red-hot charcoal it begins to glow at the point of contact, 
the oxidation proceeding rapidly throughout the mass. It occurs 
in Sweden as the mineral pyrochroite. 

W'hen ammonia is added to a solution of a manganous salt 
containing an ammonium Balt, no immediate precipitation occurs, 
but on standing a precipitate separates out which consists of 
• manganous hydroxide, iiair be excluded, but of a brown hydrated 
oxide in the presence of air. When manganous hydroxide is 
treated with an ammonium salt it dissolves to an extent pro- 

■ Liebig and Wilder, Pogg. Ann., 1830, a, 684. 

* Tieds and Bimbratier, Zdl. anorg. Chan., 1914, 87.129. 

* DeviUe, Compf. rtni., 1881,83. 199, 
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portioaal to the concentration of ammonium ions in the solution; 
probably complex ions containing ammonium and manganese ora 
formed. 1 

The manganous salts, MnB : t , are usually faintly pink-coloured, 
although, according to some chemists, this coloration is due to 
the presence of a trace of a manganic compound. The halogen 
salts, as well as the nitrate and sulphate, are readily soluble in 
water. 

Mangano-Manganic Oxide, Red Oxide of Manganese, or Tri¬ 
manganese Tetraxide, Mn 3 0 4 , occurs with other manganese ores, 
and also by itself as the mineral hausmannite. This mineral 
crystallises in acute tetragonal pyramids, and one of its best 
localities is Ilmenau in Thuringia. Its specific gravity is 4-85. 
If manganese monoxide is heated in contact with air, or if the 
higher oxides are strongly heated either in contact or out of 
contact with air, this same compound is obtained in the fomi of 
a brownish-red powder, which then has a specific gravity of 
4-72, and is converted into crystals of hausmannite by being 
gently heated in a slow current of hydrogen chloride. 1 It is 
obtained in the crystalline form also by heating a mixture of 
manganese sulphate and potassium sulphate to bright redness, 1 
or by treating a mixture of manganous oxide and calcium chloride 
in the same way. 4 This oxide dissolves in cold concentrated 
sulphuric acid, giving rise to a red solution containing a mixture 
of manganous and manganic sulphates, whilst acetic acid dis¬ 
solves one-third of the manganese as manganous acetate and 
leaves the remainder in the form of the sesquioxide. Mixed 
oxides of the type Mn 8 0 3 ,R0, which appear to be isomorphous 
with hausmannite (Gorgeu 8 ), have been prepared by fusing the 
corresponding sulphates and by the ignition of the metal ic 
manganites. Hence the red oxide is often considered to be a 
compound having the formula MnO l Mn t 0 1 . On the other hand, 
other reactions suggest that it has the formula 2Mn0,Mn0 8 ; 
thus, on heating with dilute sulphuric acid, manganous sulphate 
and manganese dioxide are formed, and boiling nitric acid 
decomposes it in a manner similar to that in which it acts on 
r&l lead: 

Mn,0 4 + 4HN0, = 2Mn(NO J ), + MnO, + 2H,0. 

■ Hen, ZeU. anorg. 1899. 21. 243; 22, 279. 

» Deville, Comp, rend., 1861. 63. 199. 

* Debray, Compl, rend., 1831, 62. 98S. 

* Kahlmeon, Compl. rend., 1801, 62, 1283. 

* BvO. Sx. chin., 1903, [3J 29,1111,1187, 
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Chlorine gas is* given off when this oxide is heated with hydro¬ 
chloric acid, and manganous chloride is formed: 

Mn,0, + 8HC1 = 3MnCl, + 4H,0 + Cl,. 

. Manganic Oxide ot. Manganue Sesquioxide, Mn,0,.—This 
oxide occurs as the mineral braunite in obtuse tetragonal pyr¬ 
amids- It possesses a sub-metallic lustre, has a dark brownish- 
black colour, and a specific gravity of 4-75. It may be obtained 
artificially by igniting any of the oxides of manganese in a mixture 
of oxygen and nitrogen containing not more than twenty-six 
per cent, of oxygen. 1 It then forma a black powder, having a 
specific gravity of 4-32. 

Manganic Hydroxide, MnO(OH), occurs in nature as manga- 
nite in steel-grey or arsenic-black crystals belonging to the 
tetragonal system, and having a specific gravity of 4-3. It is 
usually accompanied by other manganese ores, calc-spar, and 
heavy-spar. In general appearance it closely resembles pyrolusite 
but it may be distinguished from this compound by its giving a 
brown instead of a black streak when rubbed on an unglawsd 
porcelain plate. When the mineral is heated at 270-310° In 
the air it is converted without change of form into the dioxide.* 
Manganic hydroxide is formed when manganous hydroxide is 
allowed to oxidise in moist air. It may be prepared also by 
passing chlorine into water in which an excess of manganese 
carbonate is suspended, or by decomposing the corresponding 
manganic sulphate with water (Carina).* It forma a dark-brown 
powder which gives off its water at a temperature above 100°. 
It dissolves in hot nitric acid: 

2MnO(OH) + 2HNO, = Mn(NO,), + MnO, + 2H,0. 

From this reaction it would appear that in constitution this body 
resembles lead sesquioxide and analogous compounds, having the 
constitution MnO, MnO,, but ri other reactions it acts as a feebly 
basic oxide, the salts of which, with a few exceptions, are very 
unstable. 

The manganic salts, MnR, or Mn,R u „ are unstable, strongly 
coloured Bubstancea, The fluoride, sulphate, phosphates, and 
salts of some’ organic acffls are comparatively stable, as also are 
some double or complex salts, such as the double fluorides and 

* DIttmsr, lam. Chen. Sx n 1864,17,2W. 

' Gorgon, Corny*. 1888,108,1101. 

• Amin, 1848, 86, 83. 
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chlorides, the manganicyanidea, and the alums. Manganic 
chloride, bromide, iodate, periodate, selenite, and arsenate have 
been prepared. 

Manoanese Dioxide ahd the Manoanites. 

517 Manganese Dioxide, Manganese Peroxide, or Black Oxide 
of Manganese, MnO„ is the most important ore of manganese. It 
occurs in rhombic crystals and in crystalline and amorphous 
masses, being known to the mineralogist as pyrolusite. It pos¬ 
sesses a metallic lustre, an iron-black or dark steel-grey colour, 
and a black streak. It is opaque and rather brittle, and has a 
specific gravity of 4-82. The most celebrated localities for this 
mineral ore Ilmenau in Thuringia, near Platten in Bohemia, near 
Mahrisch-Trubau in Moravia, on the Lahn, and in the Caucasus, 
France, Spain, and North America. It occurs in the United 
States, abundantly at Vermont, and in Red Island Bay at San 
Francisco; and also in New Brunswick and Nova Scotia; large 
quantities too are found in India. It is likewise found in Devon¬ 
shire. Pyrolusite seldom occurs in the pure state, but mixed 
with other manganese ores such as psilomelane, (Mn,Ba)0,2Mn0„ 
and manganite. It almost always contains ferric oxide, silica, 
lime, carbonic acid, and traces of the oxides of cobalt and nickel. 
Pure manganese dioxide ia obtained by melting about 600 grams 
of the crystallised nitrate and warming until red fumes appear; 
the clear liquid is then decanted from the lower oxides which first 
separate out, and ia heated in another vessel at 150-160° for 
40 60 hours . 1 If manganous carbonate is heated to 260° in 
presence of air, and the residue then treated with very dilute 
cold hydrochlorio arid, pure manganese dioxide remains behind 
(Forchhammer). 

A brown precipitate approximating in composition to hydrated 
manganese dioxide can be obtained from the manganous salts by 
the aid of a large number of oxidising agents such as potassium 
permanganate (p. 1189), sodium hypochlorite, ammonia and 
bromine, nitric acid and sodium chlorate, ammonium persulphate 
and sulphurio acid,* and orone.' 

It appears to be almost impossible tp prepare perfectly pure 
hydrated manganese peroxide , 4 since this substance very readily 

< Gorges, BuU. Sot. dim.. 1830,13], 4, 16. 

• Marshall, Joun. Chem. S<x.. 1831, SB, 771. 

• • Jaanaabh sod GoUachalk, Btr., ISO*. 87, 3111. 

4 Gorges, CmfL rad., 1830,110, 1134. 
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loses a portion of its oxygen, forming mixtures of the com¬ 
position iMnO -f yMnOj, and moreover readily combines with 
bases forming raanganites. Prodtiots of constant composition 
appear to be obtainable only from solutions acidified with a 
mjneral acid. 1 Thus the oxide formed by the reduction of 
permanganic acid by manganese sulphate, and by the decom¬ 
position of permanganic acid in presence of hydrated manganese 
dioxide, varies in composition from GMnO a -f- MnO to I6MnO a ■+■ 
MnO. On the other hand, the oxide precipitated from manganous 
sulphate by dilute potassium permanganate at 80° in presence of 
zinc sulphate contains all the manganese in the form of dioxide, 
but combined with alkali. The oxide precipitated from manganese 
nitrate by nitric acid and sodium chlorate contains 08 per cent, 
of the manganese as dioxide, 2 and that obtained with ammonium 
persulphate also contains less than the theoretical amount of 
oxygen.* A similar oxide may also be prepared by treating 
manganic hydroxide with hot nitric acid, 4 or by adding potassium 
permanganate to sodium thiosulphate solution. The hydroxide 
thus obtained, after washing with water, is soluble in water,, 
yielding a brown solution to which the name of manganous acid 
has been given. This solution turns blue litmus paper red, and 
does not undergo alteration on standing for many weeks, but 
small quantities of acid or alkali produoe an instant precipitation. 
Manganous acid appears to be identical with a colloidal solution 
of manganese, dioxide, which can be conveniently prepared by 
the action of ammonia on a boiling solution of potassium 
permanganate. 1 Manganese dioxide, like lead dioxide, possesses 
at the same time feebly basic and feebly acid properties. Of 
the salts in whioh manganese behaves as a quadrivalent basic 
element,' only the chloride, sulphate, and selenite have been 
isolated. Among the most stable are certain double or complex 
salts, KjMnFj, K t MnC3 t , KjMn(IO a ) c . 

On heating, manganese dioxide loses oxygen and forms the 
sesquioxide: 

4MnO, = 2MnjO l +O i . 

The action is reversible; when the pressure of oxygen is below 
a certain value depending on the temperature the reaction goes 
towards the right hand ride of the equation, when it is above that 

1 Rupp, Zmt. anal. Citn., 1903, 42, 732. 

• Qoooh and Annin, Ama. J. Sd., 1898, [41 5. 280. 

• von Knone, Ztil. angtv. Chat., 1901,14, 1149. 

< (1 organ, Amn. dm. Phyi., 1862, [SI 66,1M. 

• Guy, J. Cheau, 1931,66, 41A 
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value towards the left . 1 When heated to higher temperatures the 
red oxide, Mn 3 Oj, is produced. 

Manganese dioxide h'as long been used for the preparation 
of colourless glass, and hence pyrolusite has been known as 
savon ies venders. Its mineralogies! name, indeed, has reference 
to thi3 employment of the mineral (from irwp, fire, and \va>, 
1 wash). It serves also for the preparation of the manganese 
compounds and of oxygen, but by far the largest quantity of the 
mineral is employed for making chlorine, used in the manufacture 
of bleaching powder. 

The Manganvtes .—Manganese dioxide combines with several 
basic oxides to form compounds wbich may be considered as 
salts of manganous acid. The composition of these compounds 
seems to depend on the amount of alkali which is present. A laTge 
number of them have been described. Potastium Manganite, 
K g Mn s O u , is obtained as a yellow precipitate when carbon 
dioxide is passed into a solution of potassium manganato, 
KgMnOg. Calcium Manganile, CaMn t O n , is a blackish-brown 
precipitate formed when a solution of manganous nitrate is 
poured into an excess of bleaching powder solution. Many other 
compounds, such as Ca 1 MnO ( , CaMnO,, CaMn s O f , and CaMn,0„ 
have been prepared. 

518 Regeneration of Manganese Dioxide Jrom the Chlorine 
Residues.—Before the year 1866 the whole of the manganese 
chloride obtained in the manufacture of chlorine from manganeso 
dioxide and hydrochloric acid was allowed to run to waste. In 
1821 fforcbhammer 1 observed that when manganous carbonate 
is heated to 260° in an open vessel it is converted into dioxide. 
Charles Dunlop 3 applied this reaction to the regeneration of man¬ 
ganese dioxide from the chlorine still liquors, the manganous 
carbonate being prepared by heating manganous chloride solution 
with calcium carbonate under pressure. In 1867 this process was 
adopted by Messrs. Charles Tennant and Co., at St. Bollox, but 
the process was not adopted elsewhere. 

A much less troublesome process was invented by Walter 
Weldon, in 1867, and first practically carried out at Messrs. 
Gamble’s works at St. Helens in 1868; it is now universally 
adopted wherever chlorine is made from'manganese dioxide and 
hydrochloric acid. 

The crude manganese chloride solution remaining in the stills, 

1 Aikenuy and KlonowiH, Zeti. SleUnciem., 1810,16,107. 

■ Ann. PUL, 1821,17, SO. 

* Septet of Patent Intentions, March, 1669, p. 286. 
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I (Fig. 190), which ate fitted for using native manganese dioxide, 
ie run into the well, K, and treated with limestone dust, which 
neutralises the residual free hydrochloric acid, precipitates the 
sulphuric acid present as impurity in the hydrochloric acid 
in the form of calcium sulphate, and then precipitates the ferric 
chloride as ferric hydroxide; the muddy liquor is thrown by the 
pump, L, into the settling tanks, A,from which the clear manganous 
chloride solution is run into the oxidiser, B, while the sediment 
is run into the Bhute, H, and so to the drains. In the agitator, 
E, lime is slaked to form a thick cream which is run through a 
sieve into a store and measuring tank, whence it is pumped 
as required into the oxidiser, B. 

If exactly the theoretical amount of milk of lime be added 
according to the equation : 

MnClj + Ca(OH), = Mn(OH), + CaClj, 

it 1 b found that the whole of the manganese is not precipitated 
and the mixture absorbs oxygen exceedingly slowly, only half 
the manganese being converted into dioxide; by adding ten 
per cent, more lime the liquor becomes free from manganese, 
but the moat rapid absorption of oxygen and the most readily 
settling mud are obtained only by employing about sixty per 
cent, more lime (Weldon). When air is pumped by the pipe, C, 
through this mixture at 56°, the alkalinity disappears owing, 
to the formation of calcium manganite, CaO.MnO,, and acid 
manganite, CaO,2MnO„ whilst some of the manganous oxide 
is converted into manganous manganite, MnO,MnO s : 

lOOMnO + eoCaO +860= 12(CaO,2MnO t ) + 48(ClaO,MnOj) + 
14(Mn0,Mn0 2 ), 

at about which stage the oxidation practically ceases. An 
additional quantity of the manganous chloride is next added, 
which instantly reacts with the CaO,MnO„ thus: 

48(Ca0,Mn0 1 ) + 24MnCl, = 24(CaO,2MnO„) + 

24MnO + 24CtO* 

and the blowing being continued, the manganous oxide is oxidised 
to manganous manganite: 

24MnO +120 = 12(MnO,MnO t ). 

The effect of the whole operation may be summarised thus: 

124HnCl t + 160CaO + 980 = 36(CaO,2MnO,) + 
26(MnO,MnO,) + 1240.0,. 
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value towards the left . 1 When heated to higher temperatures the 
red oxide, Mn 3 0 4 , ie produced. 

Manganese dioxide h'as long been used for the preparation 
of colourless glass, and hence pyrolusite has been known as 
sawn des verriers. Its mineralogies! name, indeed, has reference 
to thi3 employment of the mineral (from irvp, fixe, and \vu, 
1 wash). It serves also for the preparation of the manganese 
compounds and of oxygen, but by far the largest quantity of the 
mineral is employed for making chlorine, used in the manufacture 
of bleaching powder. 

The Manganttes .—Manganese dioxide combines with several 
basic oxides to form compounds wbich may be considered as 
salts of manganous acid. The composition of these compounds 
seems to depend on the amount of alkali which is present. A large 
number of them have been described. Potassium Manganite, 
K t Mn t O u , is obtained as a yellow precipitate when carbon 
dioxide is passed into a solution of potassium manganato, 
KjMnO,. Calcium Manganite, CaMn t O n , is a blackish-brown 
precipitate formed when a solution of manganous nitrate is 
poured into an excess of bleaching powder solution. Many other 
compounds, such as Ca^MnO,, CaMnO,, CaMn s O f , and CaMn,0„ 
have been prepared. 

518 Regeneration of Manganese Dioxide Jrom the Chlorine 
Residues.—Before the year 1866 the whole of the manganese 
chloride obtained in the manufacture of chlorine from manganeso 
dioxide and hydrochloric acid was allowed to run to waste. In 
1821 Rorchhammer 1 observed that when manganous carbonate 
is heated to 260° in an open vessel it is converted into dioxide. 
Charles Dunlop 3 applied this reaction to the regeneration of man¬ 
ganese dioxide from the chlorine still liquors, the manganous 
carbonate being prepared by heating manganous chloride solution 
with calcium carbonate under pressure. In 1867 this process was 
adopted by Messrs. Charles Tennant and Co., at St. Bollox, but 
the process was not adopted elsewhere. 

A much less troublesome process was invented by Walter 
Weldon, in 1867, and first practically carried out at Messrs. 
Gamble’s works at St. Helens in 1868; it is now universally 
adopted wherever chlorine is made from' manganese dioxide and 
hydrochloric acid. 

The crude manganese chloride solution remaining in the stills, 

1 Aikenuy and KlonowiU. ZeU. SlshncJum., 1910,16.107. 

■ Ana. PUL, 1821,17. SO. 

* Beporl 0/ Point InrtnUooe, March. I860, p. 288. 
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the chlorine made entirely bom the mud, and as this, unlike the 
native ores, contains no iron which requires to be eliminated by 
precipitation with limestone dost, it now becomes possible to 
avoid the use of the latter and to utilise the excess of acid'which 
is invariably left in the chlorine still, even when the artificial 
mud is used. But as crude hydrochloric acid always contains 
sulphuric acid, which was eliminated as calcium sulphate in the 
mad run off from the settling tanks, A, in the process so far 
described, it is necessary to provide a new outlet for this impurity, 
and this is done by treating the hydrochloric acid with a portion 
of the waste calcium chloride liquor, the calcium sulphate formed 
being separated by a sand-filter. The purified acid is then used 
to generate chlorine in the stone stills I, with thiok manganese 
mud run from the settlers, 0, by the pipe, N. When no more 
chlorine is evolved the residual liquor is treated with an excess 
of mud more than enough to neutralise all the residual free acid, 
amounting to about 0-7 per cent, of the liqnor; the mixture is 
then allowed to settle, and the much richer manganese mud 
settling out forms part of the next batch to be treated with acid, 
the reaction being approximately: 

36(CaO,2MnO t ) + I 8 HCI = I 8 WnO, + 27(CaO,2MnO,) + 
9CaCl, + 911,0. 

The Weldon operation thus converts J24MnCl, into 
98MnOj + 26MnO. The equations given above are intended to 
express the average results obtained . 1 


Manganese Trioxtde and Heptoxide, Manganic Acid, 
Permanganic Acid, and their Salts. 

519 In his work entitled The Prosperity of Germany* pub¬ 
lished in 1666, Glauber mentions that when manganese is fused 
with fixed saltpetre (caustic potash) a mass is produced from 
which he obtained “a most dainty purple fiery liquor,” this 
afterwards turning blue, red, and green. In 1706 an anonymous 
treatise appeared, entitled Key to the Secret Cabinet of Nature's 
Treasury; in this it is stated that the product obtained by fusing 
saltpetre and manganese yields a solution of which the colour 
alters, first being grass-green, then sky-blue, violet-coloured, and 

1 A detailed description ti to be found In Lmge’i Bvtpkmc Acid and Allah 
Manufacture, VoL III. 

• Paeke’e tramlation, 1887, p. 368. 
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lastly tose-red. The changes of eolotJr which afe here given are 
exactly the opposite of those which Glauber noticed. Pott in 1740 
described these changes, believing that they had -not been 
previously noticed, and Soheele, who endeavoured to explain 
these phenomena, gave to the colouring material the name of 
mineral chameleon, a term which had previously been applied to 
other mineral colonring matters capable of undergoing changes 
of tint. The properties of this mineral chameleon were after¬ 
wards investigated by many chemists, but it was not until the 
year 1817, when Chevillot and Edwards 1 investigated the subject, 
that a rational view of its composition was arrived at. They 
showed that when'much alkali is employed a green compound 
iB formed; that when, on the other hand, an excess of manganese 
is fused with potash a red body is produced, and they succeeded in 
preparing the substance obtained by the latter reaction in the 
crystalline form. They also showed that an absorption of 
oxygen takes place, and consequently they assumed that the 
potash salt forms with manganese a manganate, and that the 
green salt contains more base than the red. Forchhammer * 
investigated the subject in 1820, and ascribed the difference in 
colour to the existence of two distinct acids; but Mitachorlich 1 
first showed their exact composition. 

Manganese Trioxide, MnO s , is a deliquescent, amorphous, 
reddish mass, prepared by dropping a solution of potassium 
permanganate in concentrated sulphuric acid on to dry sodium 
carbonate: 1 

2(MnO,) a SO, + 2Na,CO, = 2Na,S0 1 + 4MnO, + 2CO, + 0,. 

It is formed only in extremely small quantity, and is carried 
forward by the carbon dioxide as a pink fume, which may be 
caught on fragments of glass placed in a freezing mixture. 

When thrown into water it is decomposed as follows: * 

3MnO a + 11,0= 2HMn0 t -f MnO,. 

The manganous have a green colour, and their solutions are 
stable only when they contain large quantities of free alkali. 
If carbon dioxide is passed through them, or if they are diluted 
with much water, or made slightly acid, the liquid passes from 

1 Ann. Chin. Pkp., 1817, [SJ, 4 287. 

* Ann. Phil., 1820,14 ISO; 1821,17, ISO. 

> Pen- 1832, 24 287. 

‘ Frsoke, J. fr. Chan., 1887, [S], 4 893. 

* Thorps sod JTimbly, Joan. Chan. Sac., 1888, 84 176. 
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a green to a blfae and viftlet colour, the permanganate being 
formed, and the dioxide deposited : 

3K*Mn0 4 + 2H,0 = 2KMnO« + MnO, + 4KOH. 

The manganates are also converted by direct oxidation into 
permanganates when they are dissolved in a large quantity of 
water containing dissolved oxygen. 

Manganates are produced by the partial reduction of perman¬ 
ganates in alkaline solution, and this change occurs when small 
amounts of reducing agents such as alcohol and sodium thiosul¬ 
phate are added to the red, alkaline liquid. The latter also 
gradually turns blue and afterwards green simply on exposure* 
to air, this being caused by tbe reducing action of the organio 
matter contained in the atmosphere, These reactions explain 
the changes of colour of the mineral chameleon. In alkaline 
solution the manganates act as powerful oxidising agents. 

PoUusium Manganate , KjMnO,.—The preparation of potassium 
manganate is important, since it is the first stage in the manufac¬ 
ture of potassium permanganate. Potassium hydrate or car¬ 
bonate is heated with manganese dioxide to dull rcdnoss in the 
presence of air; in the laboratory it ia quicker and therefore more 
convenient to use an oxidising agent such as potassium chlorate. 
According to Bahr and Sackur,* the product ia a complex 
manganite-manganate: 

8 KjCOj -f- EMnO a -f- 30 *= 8K 1 0,Mn 1 0 1 j -\- 8 CO t . 

Tlie deep green-coloured mass is dissolved in water, when mangan¬ 
ese dioxide is precipitated and an alkaline solution of man g ana te 
is obtained: 

8Kj0,Md 6 0„ + 5H,0 = 3KjMn0 4 + 2MnO, + 10KOH. 

By evaporation of the resulting deep green solution, after it has 
been separated from the precipitated dioxide by decantation and 
filtration, the salt is obtained in small crystals isomoiphona with 
those of potassium sulphate. It may be prepared also by boiling 
a saturated solution of potassium permanganate with caustic 
potash solution of specific gravity 1-33 (Asohoff). 

On heating it is decomposed, potassium manganite and oxygen 
being formed: 

2K,Mn0 4 = 2K t MnO, + 0,. 

1 ZtU. tuorj- cium,, 1912, 78,101. See aba Aekeo&sy sad KlooowiU, Zest. 
fltbreW, 1910,18.104. 
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The reaction does not go to completion* however, for the manganite 
forms a solid solution 01 ; complex mauganite-manganate with the 
unchanged manganate of the composition 5KjO,Mn 6 Oi S or 
3K*Mn0 4 ,2K l Mn0 1 ; this does not decompose easily (Bahr and 
Backur). 

Sodium Manganate, Na t MnO i , is formed when a mixture of 
equal parts of manganese dioxide and caustic soda is heated.for 
sixteen hours; the mass is then lixiviated with a small quantity 
of water and the solution cooled down, when the salt separates 
out in small crystals isomorphous with Glauber’s salt, and having 
the composition Na,MnO 4 ,10H,O. These dissolve in water with 
partial decomposition, yielding a green solution. Sodium 
manganate is now used largely as a deodoriser. 

Barium Manganate, BaMn0 4 , is formed when manganese 
dioxide is heated with baryta or barium carbonate or nitrate, or 
when barium permanganate is heated with baryta-water. It is 
on emerald-green powder, consisting of microscopic, four-sided 
prisms or six-sided plates. It has a specific gravity of 1-85, and 
is insoluble in water, but is readily decomposed by acids. The 
employment of this salt in place of the poisonous Scheele’s green 
has been suggested , 1 and it has been employed in a few instances, 
though not so generally as might be wished. 

520 Manganese Heptoxide, Mn,0 ?1 and Permanganic Acid, 
HMn0 4 .— 1 The first of these compounds, also termed perman¬ 
ganic anhydride, was noticed by Cbevillot, and afterwards 
investigated by TMnard,* Aschoff,* and Terreil.* In order to 
prepare this compound, pure potassium permanganate free from 
chlorine is gradually added to well-cooled, highly concentrated 
sulphuric acid. The salt dissolves with an olive-green colour, 
' 2KMn0 4 + 2H,S0 4 = (MnOjJjSO* -f K,80 4 + 2H a 0, 

and if the solution be cooled, and water carefully added, the 
heptoxide separates as a dark reddish-brown liquid * which does 
not solidify at — 20 °: 

(Mn0,),S0 4 + H,0 = Mn,0, + H,80, 

It is extremely unstable, constantly evolving bubbles of oxygen 
on exposure to the air. These carry with them a small quantity 

> Sohad, Dnttek. Indmtnaeit., 1863,118; BownstkM, Dnfl Potyl. Jmn., 
1886,177. *09. 

• Cmpt. rati., 1868, 42. 389. * Pom- Aim, I860, 111, 217. 

‘ flWJ. Sac. eAim, 1«82,40. 

* Franked, pr. Cl«, 1886 , [2], *1, 166. 
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of the heptoxide’ and thus violet fumes are emitted. It rapidly 
absorbs moisture, and dissolve* in water, yielding a deep violet- 
coloured solution, so much heat being thereby evolved that the 
liquid undergoes partial decomposition. It dissolves in con¬ 
centrated sulphuric acid with an olive-green colour. On heating, 
it decomposes, with evolution of light and heat, and with violent 
explosion. 

Permanganic Acid, HMn0 4 , is obtained in aqueous solution 
by adding the requisite quantity of dilute sulphuric add to 
the barium salt or by electrolysing the potassium salt in a special 
form of apparatus and removing the alkali from the cathode 
compartment. 1 A deep red liquid is thus obtained, which 
exhibits a blue colour by reflected light, and possesses a bitter, 
metallic taste. It decomposes on exposure to light or when 
heated gently, and still more rapidly when boiled, with evolution 
of oxygen and separation of the hydrated dioxide. It acts as 
a most powerful oxidising agent. 

Permanganic acid is formed also when manganese nitrate or 
any manganous salt, with the exception of the halide compounds, 
is warmed with nitric acid and lead dioxide, with potassium 
bromate and dilute sulphuric acid,* with tho higher oxides of 
bismuth and nitric acid,* or with ammonium persulphate, silver 
nitrate, and nitric acid. 1 

A weak solution of permanganic acid continually evolves 
oxygen at a very slow rate, manganese dioxide being deposited, 
and the rate of decomposition is greatly increased by the 
presence of hydrated manganese dioxide.* When such a solu¬ 
tion is shaken with hydrogen or carbonic oxide, the gas is rapidly 
absorbed and a considerable volume of oxygen evolved (Victor 
Meyer and Recklinghausen).* It has been suggested that this 
is due to the fact that the hydrated manganese dioxide simul¬ 
taneously formed is at first present in a specially active con¬ 
dition and thus greatly increases the normal decomposition of 
the permanganic acid (Morse and Reese), 

Permanganic add has been obtained in the form of violet- 

1 Morse and Olsen. Amer. dm J, 1900, 28.481. 

> Vital!, Bait Ghim. Fan*., 1898, 87, 948. 

' Sohndder, Dingi. Poty. 3mr%., 1888, 288, 824. 

< Marshall, dm. New, 1901, 88, 76. 

• Horae, Hopkins, and Walker, Arne, dm J., 1896, 18, 401; Mona, 
her., 1807, SO, 48; Mona and Reese, Amer. Chet*. J., 1898, 20, C21; Mores 
and Byore, ibid., 1900, 28, 313; Olsen, ibid., 1908, £8, 242. 

■ Ber., 1896, 28, 2849; Hirts and Meyer, ibil, 2828. 
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black crystals by evaporating the‘solution Obtained by the 
action of barium permanganate and sulphuric acid. It decom¬ 
poses very rapidly. 1 

Potassium Permanganate, KMn0 4 , is prepared on the large 
scale as a disinfectant. The first stage is the preparation of an 
alkaline solution of potassium manganate ( q.v .). This may be 
neutralised by carbon dioxide or sulphuric acid; mangan^tes 
are only stable in presence of alkali, and when this is removed 
they decompose according to the equation: • 

3KJtfn0 4 + 2H,0 = 2KMn0 4 + MnO, + 4KOH. 

This method involves the loss of two-thirds of the manganese 
and the neutralisation of the alkali. The loss of manganese is 
prevented by Stadeler's method of passing chlorine into the solu¬ 
tion, but this method is just as wasteful of the alkali. 

2K a Mn0 4 + Cl, — 2KMn0 4 + 2KC1. 

An electrolytic process of oxidation is now largely used. Thin 
involves no loss of manganese, nor is the alkali neutralised, and 
the resulting permanganate has only to be separated from the 
very soluble hydroxide. Numerous processes* have been 
described; in most the solution is electrolysed between iron 
electrodes separated by a diaphragm. Oxidation takes place at 
the anode, thus: 

2K,Mn0 4 + H.0 + 0 = 2KMn0 4 + 2KOH. 

When the pare crystallised product is not required, the 
corresponding, difficultly crystallisable, but cheaper, sodium 
permanganate is prepared in an exactly similar manner; solutions 
of this are sold as Candy's Disinfecting Fluid. 

Potassium permanganate is isomorphous with potassium per¬ 
chlorate, with which it crystallises in all proportions. The 
crystals are' almost black, and when freshly prepared possess a 
green, metallio lustre, which, however, on exposure to the air 
becomes of a steel-blue tint without any further alteration in 
the Balt taking place. The crystals have a specific gravity of 
2-7, and yield a red powder. One hundred parts of water dissolve * 
2-83 parts of the salt at 0°, 8-34 parts at 19-8°, 12-56 parts at 40°, 

1 Muir, Jour*. Chtm. 8oc., 1607, 91, 1485. 

* See Brand end Ramabottom, J. pr. Chen., 1610, [2], 82. 836; Aibinary 
and Klonovaki, ZeiL Ekhrcckem, 1910,18, 170. 

* Baxter, Boylaton, and Hubbard, J. Amer. Ckem. Soc., 1906, 88, 1338; 
Patteraon, ibid., 1734. 
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and 25-03 parts it 65°, forihing a deep purple-coloured solution. 
On heating to 240° they decompose as Mowb : 

10KMn0 4 = SKjMnO, + {3K,MnO, + 5MnO.) -f 60,. 

The final products are potassium manganite and a solid solu¬ 
tion or complex compound of potassium manga nate with 
manganese dioxide . 1 

Jones' has shown that hydrogen and phosphine decompose 
potassium permanganate, and that oxygen is evolved together 
with carbon dioxide when sulphurio acid acts on permanganate 
in presence of oxalic acid. 

Mixed with sulphur or phosphorus, a material is obtained 
which takes fire or explodes violently on percussion, and a 
mixture of the salt with charcoal burgs like tinder. 

Potassium permanganate is largely used as an oxidising agent, 
both in analytical work and for the preparation of many organic * 
oxidation products. In alkaline solution it is first converted 
into manganate, which afterwards loses a further amount of 
oxygen and yields the hydrated dioiide, two molecules of the 
salt providing three atoms of oxygen. 

(1) 2 KM 11 O 4 + 2KH0 = 2KjMnO t + H a O + 0, 

(2) 2KjMn0 4 + 2H,0 = 2MnO, + 3KHO -f 20. 

It is in this way, for example, that potassium permanganate 
acts when it is brought into contact with a hot solution of 
manganous salt, the whole of the manganese being precipitated 
as dioxide (Volhard); three-fifths of this is therefore formed by 
the oxidation of the manganese salt added and the remaining 
two-filths by the reduction of the permanganate: 

3MnS0 4 + 2KMn0 4 + 2H,0 = 5MnO, + K,S0 4 + 2H,S0 4 . 

In acid solution the manganese of the permanganate is finally 
converted into a salt corresponding to the monoxide MnO, five 
atoms of oxygen being rendered available: 

2KMn0 4 -f- 3H,S0 4 = X^0 4 + 2MnSO t + 3H,0 + 50. 

Thus the action of acid potassium permanganate solution on 
ferrous sulphate, in presence of sulphurio add, is represented: 

2KMn0 4 + 10FeSO 4 -f 8H^0 4 = K,80 4 + 

2MnS0 4 + BFe^SOJa-i- 8H,0. 

1 Aiinm; sod Sol berg Htnut-faUehrifi, 1912, S3. 

> Jour*. Cion* So*. 1878, 82, 95, 
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The add Bolution of potassium permanganate is reduced by 
hydrogen peroxide witji evolution of oxygen, 1 half of which' is 
due to the peroxide, half to the permanganate: 

2KMn0 2 + 5H,0, + 3H,S0 4 = K,S0 4 + 2MnS0 4 + . 

8H,0 -f 50,. 

The reduction of potassium permanganate by formic add 
in slightly acid solution appears to take place in stages. 1 

When potassium permanganate is used as an oxidising agent 
in volumetric analysis, it is often noticed that the first portion of 
permanganate added only reacts slowly, further additions react 
more rapidly. The phenomenon is particularly noticeable in 
the titration of oxalic acid. This is an example of mihcalalym : 
manganous sulphate catalyses, and is itself a product of the 
reaction. Harcoort and Eason, 5 and Schilow, 4 have shown that 
the velodty of the reaction is proportional to the concentration 
of the manganous salt. Similar results have been obtained in 
the oxidation of sulphites, and in the titration of hydrogen 
peroxide. In the titration of ferrous salts in the presence of 
hydrochloric add, besides the main reaction shown in the equa¬ 
tion above, a subsidiary reaction, induced by the presence of 
iron salts, occurs: 

2KMn0 4 + 18HC1 = 2KC1 + 2MnCl, + 8H,0 + 50,. 

This secondary reaction can be prevented by the addition of 
manganous sulphate, which greatly increases the velocity of the 
main, but not that of the secondary reaction; thus a negligible 
part of the permanganate only is used in the oxidation of the 
hydrochloric odd. 

Ammonium Permanganate, NH 4 Mn0 4 , is obtained by the 
decomposition of the potassium salt with ammonium chloride. 
It is isomorphous with potassium permanganate, and decomposes 
readily when gently heated, 6 forming ammonium nitrate, oxides 
of nitrogen, and an oxide of manganese of the composition 
22MnO„MnO. It explodes when rapidly heated, -or when 
subjected to percussion. 

1 On tbs nature of thli motion, m Baeyer and ViJ tiger, Brr., 1900, 88, 
2488, where the literature ia quoted; Bach, Brr., 1901, 84, 3801. 

• Holluta, hit. fhyrikal Clem., 1922.101, 84. 

• PM. Tran., 1800, US, 201. 4 Btr., 1903,88, 2735. 

1 Quiateneen, hit unary. Chan., 1900, 84. 203. 
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Barium PermAtganaie, &(Mn0 4 )„ forms hard, almost black 
prisms, soluble in water. It is obtained by passing carbon 
dioxide through water containing barium manganate in suspen¬ 
sion , 1 or by the action of barium chloride on silver permanganate. 

JSilver Permanganate, AgMn0 4 , separates out in large, regular 
crystals when warm solutions of silver nitrate and potassium 
permanganate are mixed. It dissolves in 190 parts of water at 
15°, and is much more soluble in warm water. The solution 
decomposes on boiling. 


Manganese and the Halogens. 

521 Manganous Fluoride, MnF t , is obtained by dissolving 
metallic manganese or the carbonate in hydrofluoric acid, the 
compound being deposited as a white, crystalline powder when 
the solution is boiled. According to EdminsteT and Cooper , 2 how¬ 
ever, the compound thus formed is an acid salt, MnFj.JjHF^HjO, 
of specific gravity 1-921. It is formed as a rose-coloured mass 
by the action of gaseous hydrogen fluoride on manganese. 
It is insoluble in water, but may be recrystallised from fused 
manganese chloride and then forms rOBe-coloured prisms of sp. 
gr, 3-98, melting at 866 °. It dissolves in strong acids, yields 
an oxyfluoride when boiled with water, and is completely 
reduced by hydrogen at IOOO 0 . 5 

Manganic Fluoride, MnF s , is obtained by the action of fluorine 
on manganous iodide in purple pseudomorphs of sp. gr. 3-64. 
It decomposes, when heated, into manganous fluoride and 
fluorine, dissolves in strong acids, forming unstable dark brown 
solutions, and is decomposed by water . 4 A hydrated trifluoride, 
MnFj,3HjO, is obtained in ruby-red crystals by dissolving the 
sesqui- or the di-oxide in hydrofluoric acid. 

Potassium Manganifluoridt, KjMnF,, is obtained by decoin- 
posing potassium manganate with water and dissolving the 
resulting potassium manganite in a mixture of hydrofluoric 
acid and potassium fluoride, It forms small, golden-yellow, 
hexagonal tablets and is decomposed by water, but may be 
recrystallised from hydrofluoric add. It yields a dark brown- 

1 Bottger, J . pr . CW, 1S63,90, 188. 

• /. Amer. Otem. 8 k., 1920, 42. 2419. 

• M o i nan and Venturi, Co mp*. rend ., 1900, 180, 1159, 

‘ Hoiaua, Compt. rend., 1900, 180, 652. 
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coloured solution in hydrochloric arid which* evolves chlorine 
when gently heated. A rubidium salt of similar properties has 
also been obtained. 1 

Manganous Chloride, Mnd*, is formed when the metal is 
burned in chlorine gas, or when hydrogen chloride is passed o^er 
heated manganous carbonate. Prepared in this way, manganese 
chloride is a pale rose-coloured mass, having a lamino-crystalline 
structure. When heated to redness it fuses to an oily liquid, 
and decomposes in moist air at this temperature with formation 
of hydrochloric acid and the oxides of manganese. Manganous 
chloride is obtained in solution by dissolving the carbonate or any 
of the oxides in hydrochloric acid. For this purpose the residues 
from the preparation of chlorine by means of pyrolusite and 
hydrochloric acid may be utilised. These are always coloured 
yellow, from the presence of ferric chloride, and contain an 
excess of acid. They must be evaporated to drive off the acid, 
then diluted with water, and a tenth of the solution precipitated 
with sodium carbonate. The precipitate, consisting of manganese 
carbonate and ferric hydroxide, is then well washed with hot 
water and boiled with the remainder of the liquid for a long time. 
By this means the whole of the iron is precipitated as ferric 
oxide. The filtrate may contain copper, barium, and calcium, 
which are separated by the usual methods. On evaporation, a 
concentrated solution of manganous chloride deposits between 
15° and 20° light pink-ooloured, monoclinic crystals of the hydrate 
MnCl„4IfjO. This hydrate is transformed at 58-098° into 
the hydrate MnCl 2 ,2H,0, this temperature having been deter¬ 
mined with great accuracy by Richards and Wrede as a suitable 
fixed point for use in thermometry. 8 The dihydrate is stable up 
to 198° and then passes into the anhydrous salt. Below — 2° 
the hydrate MnCl,,6H,0 is formed.* In addition to these an 
isomeric /3-tetrahydrate is known (Marignac) 4 which also forms 
monoclinic crystals, but of a different form from the ordinary 
tetrahydrate, being isomorphous with those of hydrated ferrous 
chloride, FeClj,4H,0. The dihydrate may be prepared by 
heating the tetrahydrate for some time at 60° or passing hydrogen 

1 Woinland and Laueoiteln, Zeit. 'mory. Chtm., 1899, 20, 40. 

* Zeit. phgrital. Chen., 1907, 61. 813. 

1 KuuwtzoS, J. Sun. Phyt. Chen. Sx., 1898, 90, 741; Dawson and 
William*, Zeit. phytihal Chtm., 1869,91, 19. See also Richard* and Briggj, 
ibid,, 1898, 28,313. 

< Compl rm A, 1817, 40, B10. 
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chloride into an alcoholic solution of the chloride. One hundred 
parte of water dissolve: 

At 8° 25“ 80" 67-86“ ‘ 80“ 100" 

MnCIj 62 77-2 80-7 106-7 112-7 116. 

This salt is also soluble in alcohol, forming a green Bblution 
which burns on ignition with a red flame. Manganous chloride 
forms double salts with the chlorides of the alkali metals, such 
as K i MnCl (l 2H a O and K ( MnCl„ and with the chlorides of some 
other metals. The anhydrous salt combines readily with 
ammonia and similar compounds. With ammonia, it forms the 
hexammine, [Mn(NHj),]Cl„ the diammine, (NH s ) 2 ,MnCl,, and 
the monammine, NH 3 ,MnCl,! 

Manganese Trichloride, MnCl„ and Manganese Tetrachloride, 
MnCIj, have only recently been obtained in the solid state. 
When any one of the oxides, Mn a 0 4 , McijOj, or MnOj, is added to 
cold concentrated hydrochloric acid, a dark brown solution, is 
formed, chlorine being simultaneously produced when the dioxide 
is employed. This solution appears to contain the trichloride,* 
and yields double salts of the type MnCI a ,2RCl, with the chlorides 
of potassium and ammonium.* The addition of water to the 
solution precipitates a mixture of hydrated oxides (Pickering). 1 
When the dark brown solution is heated, chlorine is evolved, 

2MnCl, = 2MnCI i +Cl g . 

When manganese dioxide is treated with ether saturated with 
hydrochloric acid, a deep green solution is obtained, which was 
considered by Nicklfe * to contain the tetrachloride, MnCl„ and 
by Franke * to contain the compound Mndj.MnCl,. It is, how¬ 
ever, probable that this green liquid contains the trichloride 
and not the tetrachloride, since it yields double salts with the 
hydrochlorides of pyridine and quinoline of the type MaClj,2RHCl; 
almost the whole of the manganese in the solution can be 
precipitated in this form. More concentrated green solutions can 

1 Blits tad Huttig, Zeit. our?. Che 1818, 109 , 88; Ephraim, Btr„ 
1812, 45, 1322; Zeit. fhyritaL Chen., 1813, 81. 613. 

1 Piakering, Jaunt. Chem. Sac., 1879, 85 . 95*. 

• Neumans, Monateh., 1894,15,488; Rioe, Jour*. Chen. Soe., 1888,78.268. 

‘Bee eleo Fuller, Jour*. Chen. Soe., 1878, 82 , 409; Chrlstenees, J. pr. 

Chen., 1887, [2J, 85, 67,181, 641. 

• in. aim. Pkye., 1886, [41 5,168; 1867, [41 U, 318. 

• J.fr.Chtn ., 1888, [2186,31, 463. 
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be prepared by the action of alcofcolic hydrochloric acid on 
manganese dioxide or potassium permanganate. 1 

When dry hydrogen chloride is passed into carbon tetra¬ 
chloride in which manganese dioxide is suspended, a solid 
• product is obtained which consists of manganese trichloride 
and tetrachloride. On treating this with anhydrous ether, the 
trichloride dissolves, forming a deep violet-coloured solution. 
A reddish-brown residue of the tetrachloride remains. The 
trichloride is a black solid, having a greenish tinge, which is 
decomposed by water. The tetrachloride is stable at ordinary 
temperatures, but is decomposed by moisture.* 

Derivatives of the tetrachloride can be obtained by boiling 
potassium permanganate with glacial acetic aeid, and saturating 
the resulting reddish-brown solution with hydrochloric acid. 
A dark crystalline precipitate of poUusium manganichloride, 
MnC] 4 ,2KCl, is thus produced, which rapidly loses chlorine 
in moist air, but may be preserved in dry air for some time. 
If potassium acetate be added to the liquid before it is saturated 
with hydrochloric acid, Neumann’s salt, MnCl t ,2KCl, is obtained 
{Meyer and Best). 

Permanganic Oxychloride, MnO s Cl.—This-chloride of perman¬ 
ganic acid was first prepared by Dumas; * he did not, however, 
analyse the compound, but from its mode of decomposition con¬ 
sidered it to be manganese heptachloride, MnCl,. It is obtained 
by gradually adding fused sodium chloride to a solution of 
potassium permanganate in concentrated sulphuric acid, A 
yellow gas is then evolved, which when passed through a freezing 
mixture condenses to a greenish-brown liquid. This when 
exposed to the air emits a purple-red vapour, which possesses the 
peculiar smell of the oxides of chlorine, and like them acta moat 
violently upon the mucous membrane, so that the smallest 
quantity of the chloride contained in commercial permanganate 
can be thus readily detected. 1 When heated, it explodes violently, 
and water decomposes it with formation of permanganic acid 
and hydrochloric acid. These substances, however, mutually 
decompose with formation of free chlorine and manganese 
dioxide. A corresponding oxyfluoride, ilnOjE, exists, and 
was first prepared by Wtihler.® • 

1 Meyw wd Beat, ZtU. a* or?. Che «., 1900,22,169. 

■ Holmes, J. Amtr. Che*. 8k., 1907,29. 1277. 

• Ann. Chun Phge., 1827, [2k 38. 81. 

• Aschoff, Pogg. Am., I860, 111, 217. 

• Pogf. Am, 1027, 8, 619. 
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Manganous Bromide, JfliBr t , is obtained by heating the 
powdered metal in bromine vapour, and when the compound is 
fused, it is obtained as a pale red mass. 'It can algo be obtained 
by the action of the calculated quantity of bromine on finely 
divided manganese suspended in ether, but not in other organic 
solvents. The crystalline compound MnBrj.f^HjljO is first 
obtained; this readily loses its ether on being heated to 100 °, 
leaving manganous bromide as a white powder (Ducelliez and 
Kaynaud ). 1 When the carbonate is dissolved in hydrobromic 
acid the hydrated bromide, MnBr^HjO, is obtained, and this 
was found by Marignac to be isomorphous with the ordinary 
form of the chloride. Other hydrates are known. Unlike the 
chloride, it shows no tendency to form double salts with chlorides 
of the alkali metals. It behaves in a similar manner to the 
chloride towards ammonia (Biltz, Ephraim). 

Manganic Bromide, MnBr 3 .—When finely divided manganese 
is treated with a large excess of bromine in ethereal solution, 
two liquid layers are formed; from the lower of these Ducelliez 
and Baynaud obtained by cautious evaporation a yellow, amor¬ 
phous mass of the composition MnBr 3 ,3(GjH s ),0, from which 
the ether could not be removed without formation of manganous 
bromide. It is very soluble in water, and gives a black precipitate 
with sodium carbonate solution. 

Manganous Iodide, MnIj,4HjO, is obtained crystallised in 
colourless, deliquescent needles, which become coloured on 
exposure to air. Hydrates with 6 HjO and 9HjO are formed 
below — 2-7° and — 9-3° respectively.* It has little tendency 
to form double salts, and forms a hexammine and a diammine 
(Biltz, Ephraim). 

Manganese Telriodale, MnflOj)*, is not known in the free 
state, but a double salt with potassium iodate, Hn(I0 8 ) i ,2KI0 J , 
is formed aa a brownish-violet, insoluble, crystalline powder 
when hydrated manganese dioxide is boiled with iodic acid and 
potassium iodate.* 

Manganese, Sulphub and Selenium. 

522 Manganese Monosulphide, MnS, occurs aa the mineral 
manganese blende, or afebandite, forming a steel-grey, crystal¬ 
line mass with a green streak, and sometimes observed in cubes 

1 Ball. Sue. Mm., 1914, [4], 16, 278,408. 

* Koine troll, J. Bast. Phyt. tom. Soe., 1900, SB, 290. 

• Berg, Compt. rend., 1899, 128, 673. 
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and octahedra. It has a specific gravity of 4-W, and oocura in 
veins in the coal mines in Transylvania, and in Freiberg and 
Mexico. It may be obtained artificially in the form of a dark 
grey powder, which melte at a high temperature, forming a 
steel-grey, crystalline mass, by heating the monoxide, the car¬ 
bonate, or the sulphate in a current of hydrogen sulphide 
(Arfvedson), or in green octahedra by heatiDg manganous sul¬ 
phide with a little sulphur in the electric furnace. 1 Ammonium 
sulphide and the other monosulphides of the alkali metals pre¬ 
cipitate anhydrous manganese sulphide from a solution of a 
manganous salt in the form of a light flesh-coloured precipitate, 
which dissolves readily in dilute acids and oxidises on exposure 
to the air, assuming a brown tint. When left in contact with 
ammonium sulphide, or heated to 300°,* and when suspended 
in a dilute solution of sulphuretted hydrogen and exposed to a 
low temperature, it passes into the green, crystalline sulphide. 3 
According to Olsen and Bapalje a grey form of the sulphide 
also exists and the sulphide precipitated by ammonium sulphide 
is a mixture of this and a red form. The sulphide precipitated 
by sodium sulphide does not contain the grey form, 4 and does 
not become green in contact with excess of the precipitant. 

Manganese sulphide combines with the sulphides of the alkali 
metals to form salts. 5 The dark-red, crystalline potassium salt, 
K a S,3MnS, is formed when anhydrous manganese sulphate is 
gradually heated to redness with three parts of potassium 
carbonate, 0-2 part of lamp-black, and excess of sulphur. 

Manganese Disulphide, MAS*—This substance is found as the 
mineral hauerite in crystals belonging to the regular system. 
They possess a metallic, adamantine lustre, and a reddish-brown 
colour, and occur in clay at Kalinka in Hungary, together with 
sulphur and gypsum. 

Manganous Sulphate, MnS0 4 , is best prepared by mixing 
commercial black oxide of manganese to a paste with sulphuric 
acid and heating the mixture in a crucible to strong redness, 
when the greater part, of the iron sulphate is destroyed. The 
filtrate obtained after lixiviating the residue is then heated with 

1 Mouilot, Otmpt. rout., 1895, 121, 202. 

■ Antony and Done ini. Gas., 1898, 28, L, 560. 

* V Alien, ConpL r«d, 1896,120, 322; tee also Hein, ZeiL aeoty. Chtm., 
1922,121, 209. 

* J. Aster. Chtm. Soc., 1904,26,1815, when the literature ia quoted. 

1 VBlker, Amain, 1848, 69 , 86; Brunner, Arch. tti. phfi. tat., 1889,22.08. 
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a small quantity of mang&Eous carbonate in order to precipitate . 
the last traces of iron. 

It fins a specific gravity of 3-1, and is decomposed at a bright 
zed heat, leaving a residue of red oxide of manganese. Man¬ 
ganous sulphate forma a number of hydrates and the equilibrium 
tfurve for this substance and water is one of great complexity. 
Below 8°, the heptahydrate separates out, between 8° and 27 s 
the pentahydrate is the stable form, and above 27° the mono- 
hydrate. The solubility of the latter decreases as the tempera¬ 
ture rises, so that a maximum of solubility exists at 27°. In 
addition to these stable forms, several labile hydrates exist, the 
most important of these being the tetrahydrate, which separates 
at about 30° in rose-coloured prisms of sp. gr. 2-097 (Kopp). 
Several other hydrates have been described, hut it is doubtful 
whether they all exist. 1 One hundred parts of water dissolve : 

At 0' 9° 16* 27° SO' 70° 100* 

MnS0 4 63-2 59-3 6H 66 59-5 62 33-2 parte. 

The last trace of water is expelled from the monohydrate 
only at 460°. 

Manganous sulphate is insoluble in absolute alcohol, this’ 
Squid removing a portion of the water from the hydrates. 
Finely crystalline double sulphates * of the isomorphous series, 
K 1 jS0 4 ,R"S0 4 ,6H,0, are formed when manganous sulphate and 
the alkaU sulphates are crystallised together. 

Manganous Aluminium Sulphate, Mn80 1 ,Al t (S0 4 ),,24H,0.- • 
This substance occurs as the mineral apjohnite found in Algoa 
Bay in South Africa.’ 

. Manganic Sulphate, MnjlSOJj.—Manganic oxide and hydroxide 
dissolve with difficulty in sulphuric acid. The red oxide, 
MnjOj, on the other hand, dissolves readily, yielding a parple- 
red solution. If the finely divided precipitated’ dioxide is 
treated with sulphuric acid, oxygen is evolved, and at a tem¬ 
perature of 138° a green liquid is obtained from which the soL 
phate is precipitated as a non-crystalline powder. In order to 
purify this salt it is brought on to a porous porcelain plate, when 
the greater part of the sulphnrio acid is absorbed; the residue 
• 

* Mutter, JfwotA, 1B98, 11. 280; Cottrell, J, Fiscal Clem., 1900, i 
637; Rtoharia and Freptio, Amtr. Clem. J., 1901, 28, 78, 

■ 8m aM> Scott, Join. Clem. See., 1897, 71, S87; Mallet, Mi, 1900, 77, 
221; 1902, 8L 1649. 

■ Phil Hog., I860, [31 18,103. • 
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is then washed with pure nitric add, the salt dried in absence 
of air on another plate, and then heated to ISO 0 . 1 

Manganese Alums.— Manganese forms a series of alums, 
R I J S0 il Mn 1 (S0J i 24H,0, which crystallise in pink or red, 
octahedral formB. They are decomposed by water, but are 
stable in a solution of 1 volume of sulphuric acid diluted with 
3 of water, provided that the temperature is kept low. <The 
potassium and ammonium salts are extremely unstable and 
have not been obtained pure, but the caseium and rubidium salts 
can be prepared. The salts obtained by the addition of the 
sulphates of potassium and ammonium to manganic sulphate 
and evaporating are not true alums, but contain lesB water of 
crystatyisatiom* An anhydrous ammonium manganic sulphate 
has also been obtained and forma violet crystals which are 
decomposed by water.’ 

Manganic Cariusn Alum, CgjSO^MnjfSOJj.iHHjO, may be 
prepared by dissolving c-eeeium sulphate and manganic acetate, 
Mi^CtHgOg), (obtained by the action of potassium perman¬ 
ganate on manganous acetate dissolved in glacial acetic acid), in 
dilute sulphuric acid and cooling to —20° (ChnBtenBen). It can 
be obtained also by electrolysing at 10-15° a solution of 
manganous sulphate and c«siimi sulphate in dilute sulphuric 
acid placer! in the anode compartment of an electrolytic cell. 4 
It forms coral-red crystals of the regular system (class 30, p. 209) 
and is decomposed by water. It Aelta at 40° in its water of 
crystallisation.. f 

The Rubidium Alum closely r#embles the caesium salt, but 
decomposes at about 16°, whilst the potassium and ammonium 
alums decompose at%till lower temperatures (Christensen). 

Manganese Dioxysulphate or Persulphate, Mn(S0 4 )„ was first 
prepared by Fremy, 1 and can best be obtained by oxidising 
manganous sulphate in warm sulphuric acid with the calculated 
quantity of potassium permang|pte. When the solution is 
sufficiently concentrated, it is precipitated in the form of black 
crystals, whioh are soluble in sulphuric acid, forming a brown 
solution which is stable up to 80°, but above that temperature 
decomposes with the formation of manganic sulphate. On 
diluting the solution the salt is hydrolyjed and manganese dioxide 

' C»riu», Annalm, I860, 98 , 63. 

1 Chriatousa, EtiL mag. OUa., 1901, 27, 328. 

» Lopfene, Comp*. mi n 1896, 120 , 924. 

‘ Picoiol, Tat. anarg. Chm., 1388.17, 366; 1899, 00, It 

1 Comp*, rout., 1878, 82, 476, 1231. 

von. n. (n.) 


BB 



1200 MANGANESE 

-*--- . I - - 

is precipitated. Electrolysis 1 of a solution of manganese sul¬ 
phate - in sulphuric acid yields a solution of it, which, however, 
is not free from manganic sulphate. It has been used as an. 
oxidising agent in organic chemistry. 

Manganous Dithionale, MnSg0„3H s 0.— 1 This salt is of interest 
inasmuch as it is employed for the preparation of dithionic 
acid (Vol. I., p. 459). It is obtained by passing sulphur dioxide 
through water in which finely divided manganese dioxide is 
suspended. The solution always contains a small quantity of 
manganous sulphate, and for this reason baryta water is added 
as long as a precipitate of barium sulphate is formed. Manganous 
dithionate forms easily soluble rhombohedral crystals. 

Double selenaUs of manganese with potassium, rubidium, 
csesinm and ammonium have been prepared. 9 


Manganese and the Elements op the Nitrogen Group. 

5*3 Manganese Nitride, Nitrogen reacts vigorously 

with manganese at a red heat to produce this compound. It is a 
dark coloured powder, which yields ammonia when heated in 
hydrogen or fused with potash, and is attacked only with 
difficulty by acids.* 

Manganous Nitrate, Mn(NOj),.—The hydrate with 6H,0 
crystallises with difficulty in colourless, deliquescent needles 
which melt at 25-8°, and are readily soluble in alcohol. A hydrate 
with 3H,0 also exists 4 which is stable above 25° and melts at 
36'C°. The nitrate decomposes at 129-6°, at which temperature 
a black deposit of manganese oxides is formed. 

Manganese Phosphides. —The freezing points of manganese- 
phosphorus mixtures have been determined by 2 emczwznyj and 
Efremow s : these prove the existence of two compounds. The 
first has the formula Mn t P„ the second probably has the formula 
MnP. The substance Mn s P„ described by many of the earlier 
workers, is really a eqtectic mixture. The magnetic properties 
of the compound Mn t P, have been studied by Wedekind and 
Veit.* 

‘ ZtiL EUttrodum., 1806, U. 863.. 

« Totton, Pnc. Boy. Soc., 188?, [A] 1D1, 886. 

1 IVeKnger, SSonoUh., 1884, 14, 391: Esher and van Oordt, tat. anorf. 
Ckem., 1906, 44,341; Shukow, J. Bun. Fkyt. Cim. Soc „ 1908, 40, <57. 

• Funk, tier., 1899, 82, 96. 

‘ M. morg. Clun., 1908, J7, 2*1. 

•Ar, 1907,40,1208. 
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Manganous Phosphate*.— These salts have been investigated 
by Heintz 1 Debra/, 3 Bddecker, 5 and Erlenmeyer.* The normal 
manganous orthophosphate, Mn^POjj.THjO, is a white, 
imperfectly crystalline precipitate. The monohydrogen, tall, 
HMnP0 4 ,3Hj0, forms small, prismatic, rose-coloured, rhombic 
crystals slightly soluble in water, and the dihydrogen phosphate, 
HjMnfPOjjj^IIjO, crystallises in red, four-sided prisms which 
deliquesce on exposure to the air, decomposing into free phos¬ 
phoric acid and the preceding salt.* 

Manganous salts are precipitated by ammonium phosphate 
as manganous ammonium phosphate ,* Mn(NH 4 )P0 t ,H J 0, which 
is converted by ignition into the pyrophosphate, Mn,P,0,. 

Manganic Phosphates— Both manganic oxide and the dioxide 
dissolve in a concentrated solution of phosphoric acid, in the 
latter case with evolution of oxygen, with formation of a deep 
violet liquid, from which a violet-coloured, crystalline mass 
separates out (Gmelin). This decomposes in contact with 
water, and manganic hydroxide is precipitated from the solu¬ 
tion by alkalis. On'evaporating the red solution a peach- 
blossom-coloured powder separates, consisting of manganic 
metaphosphate, MnfPOjij.HjO.’ The normal phosphate 
MnP0 4 ,HjO, an acid pyrophosphate, MnIiP,0„ and the salts 
MnKPjO, and Mn 4 P 8 0 lll 14H J 0, ! have also been prepared.* 
Manganese Arsenides.— Two arsenides of manganese are 
known, 10 the first of which, MnAs, is non-magnetic, but is con¬ 
verted by heating into the magnetic compound, Mi^As. 

Manganous Arsenate.— When arsenic acid is saturated with 
manganese carbonate, a sparingly soluble salt having the com¬ 
position HMnAsO^HjO is formed. This dissolves readily in 
arsenic acid with formation of the salt H 4 Mn(As0 4 ) t , which latter 
crystallises in rectangular pistes, Several double salts with 
the alkali arsenates are also known. 11 

» Pm- Am, 1848, 74 . 480. ' Anaien, 1849,88, 20B. 

* Ann. Chin. Php., 1881, [3], 0, 433. * Anakn, 1877,198. 191. 

» Sm aba Vtard, Compt. rod., 1899, 129. 412. 

• Dakin, Zeit anal. Ohm., 1900. 19 , 784. 

* Hermann, Pofg■ An., 1848, 74, 303. See alio Barbier, Compt, rend, 1902, 
185, 1064, 1109. 

• Auger, Compt. read, 1901, US, 94. . 

1 Chrleteneeo, J. pr. Chtm H 1883, [1), 28. 1 ; Behjemlng, J. j>r. Clem., 1892, 
[23, 45. 616. 

ls Wedekind, Zdt. Elehrochm, 1906, 1L 860; Her. ioUteh. phytik. Qe*., 
1906, 4, 412. Scboen, Mtiallvrpit, 1911, 9, 739. 
u Lefovre, Compt. reni, 1890, lift. 406. 
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Manganese Antintonides.—Two compounds, Mn^b and 
MnjSb,, exist, 1 and can be prepared by beating the elements in 
the right proportions; the former is etrongly, the latter only 
weakly magnetic. 


Manganese and Boson. 

524 Manganese Diboride , MnB,, is produced when a mixture of 
manganese thermite and boron is ignited or the oxide reduced 
with boron, and may be purified by treatment with chlorine. 
It forms grey-black crystals, which, when pure, are non-magnctic, 
decompose in warm water, and dissolve in concentrated acids . 3 

Manganese Monoboridt, MnB, is prepared by the reduction 
of red oxide of manganese with boron at a white heat in a 
magnesia cruoible, or by the direct union of its elements, and 
forms a black, crystalline powder of specific gravity 6 - 2 , which 
re&elhblea the diboride in its properties, but is strongly magnetic 
and dissolves more readily in acids.* 

Manganese borate is used in the preparation of drying oils 
and oil varnishes it is made by adding manganous sulphate to 
a solution of borax, washing and drying the precipitate. It is a 
mixture of varying composition, not a definite compound . 6 
The compounds Mu(B0,), and MnB t O, have been prepared by 
melting manganese oxide or carbonate with boron trioxide . 6 

Manganese and the Elements of tbe Carbon Group. 

525 Manganese Carbide, MnjC, is formed when red oxide of 
manganeee is heated with charcoal or calcium carbide in the 
eleotric furnace. It has the specific gravity 6-89, and with water 
yields equal volumes of hydrogen and methane: 

MnjC + 6H,0 = CH 4 + H, + 3Mn(OH) s . 

It burns readily in oxygen, and is easily attacked by fluorine 
and chlorine . 7 When very strongly heated it dissociates, the 
manganese volatilises, and the carbon remains as graphite . 8 

1 WiUierai, Ztii. anorg. Chen., 1907, 65, 1. 

• Wedekind, Her., 1906, 88, 1228; Wedekind end Fetxer, Ber, 1907, 40, 
1264; Binet do Jawonneix, Ber., 1907, 40, 3193. 

• Binet da Jeeeomwix, CompL rad., 1904,188,1209; 1906,148,1336. 

4 Hartley end Renege, Jnrn. Chen. Bee., 1893,68, 129. 

1 See Endemenn end Peieley, Ztit, anfta, Chen., 1903,16,176. 

• Gnertler, ZtiL aiwy. Chen, 1904, 40, 244. 

• Molesen, Compt. rend., 1896, 128, 421; 1697,126, 839. 

4 Gin end lelenx, CompL rend, 1896,126,749. 
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Manganese Carbonate, MnC0„ occurs in the pure state in the 
roee-red crystals of manganese spar, rhodochrosite or dialogite, 
and also as an isomorphons mixture with chalybite. These 
minerals crystallise, like calc-spar, in rhombohedra, but mangano- 
calcite, (Mn,Ca,Mg)COj, is isomorphous with aragonite. ■ 
Hydrated manganese carbonate is obtained as a white pre¬ 
cipitate by mixing a solution of the chloride or sulphate of 
manganese with sodium carbonate. In the moist state it soon 
becomes brown-coloured on exposure to the air; it dissolves in 
8,000 parts of pure water, and in about half this quantity of 
water saturated with carbon dioxide. 

Manganese and Cyanogen.—When a concentrated solution 
of manganese acetate is warmed with solid potassium cyanide 
a green precipitate is thrown down of KCN,Mn(CN) 8 ; this 
gradually disappears, and in its place dark blue crystals of 
potassium manganocyanide, K 4 Mn(CN) e ,3H,0, are fortieth 1 
The manganocyanide is obtained also when manganous car¬ 
bonate is heated to a temperature of from 40° to 60° with a 
solution of potassium cyanide. 8 The salt crystallises in deep 
violet-biuc, efflorescent, tetragonal tablet*. It* solution oxidises 
on exposure to air with formation of potassium manganicyanide, 
K,Mn(CN)„ which crystallises in dark-red prisms. This latter 
salt when brought into contact with potassium amalgam in 
aqueous solution is again transformed into manganocyanide. 
The constitution of these complex salts will be referred to under 
the corresponding iron compounds. 

Manganese Thiocyanate, Mn(SCN)j, may be prepared from 
manganous sulphate and barium thiocyanate. The anhydrous 
salt is yellow, and forms a green hydrate with 311,0, which 
crystallises at the ordinary temperature. Concentrated aqueous 
solutions are green, but become pink when they are diluted. 3 

Manganese Silicides. —Some doubts exist as to the number 
of definite compounds formed by these elements. A study of 
the freezing-point curve for mixture* of the two 4 indicates the 
existence of the two compounds, Mnffi and MaSi. The com¬ 
pounds MnSi, 5 and Mn s Si t * have also been described, 

The silicide, Mn^Si, is formed when the two element* are 

1 Eaton and Fittig, Annate*., 1898,145, 157. 

* Deacampo, Ann. Chin. Pi*/., 1881, [5], 84, 178. 

> Kumakofl. Quoted by Grcwmann, Btr., 1605, 87, 559. 

4 Doerinckal, Zed. anorj. Cion., 1906, B0,117. 

1 Do Ctalmot. Amer. Chtm. J., 1890, 18, 536. 

• Gin, Cotap*, rad, 1606,148, 1286. 
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heated together iij the electric furnace, 1 by firing a mixture of 
silica, manganese oxide, and aluminium, or by heating a mixture 
of potassium silicofluoride, red oxide of manganese, copper, and 
sodium (Lebeau). It is a very hard, brittle mass, which has a 
metallic lustre and steel-grey colour and a specific gravity of 6-4. 
It is not decomposed by water at the ordinary temperature, but 
it is attacked by steam, oxygen, or chlorine at a red heat, and 
dissolves in hydrochloric acid. Fluorine decomposes it •at the 
ordinary temperature. 

The monosUicide, MnSi, forms hard, lustrous, tetrahedral 
crystals of specific gravity 6-9, whilst the disilicide, MnSij, forms 
dark-grey, octahedral crystals of- specific gravity 5-24. The 
compound described by Gin of the formula Md 3 8i 2 is probably 
impure MtagSi (Lebeau). 1 

Manganous Silicates occur as isomorphous constituents of 
many minerals, and some naturally occurring manganese silicates 
are also known. Thus, for instance, rhodonite, MnSiO,, occurs 
in fight brownish-red, transparent, triclinic crystals, and tephroite, 
Mn I Si0 1 , crystallises in the tetragonal system in rose-red, brown, 
or grey masses, and usually occurs together with rhodonite. 


Detection and Estimation of Manganese. 

5*6 Manganese is distinguished by forming a flesh-coloured 
sulphide readily soluble in dilute acids. In the course of 
analysis manganese is thrown down with the sulphides and 
hydroxides of the metals which are precipitated by ammonium 
sulphide. If the precipitate be treated with very dilute cold 
hydrochloric acid, the sulphides of cobalt and nickel, if present, 
remain undissolved. The solution is heated in order to remove 
the sulphuretted hydrogen, oxidised with potassium chlorate, and 
an excess of caustic soda is added. Iron, manganese, and uranium 
are thus thrown down as hydroxides. The washed precipitate 
is then dissolved in hydrochloric acid, the liquid neutralised, 
and ammonia and ammonium chloride are added, when the whole 
of the metals, with the exception of manganese, are thrown 
down; the filtrate is then evaporated to dryness, and the 
residues heated to get rid of ammonium salts. The mass which 

1 Vigours ax, Corny*, rod., 1886, 181, 771; 1809, 141, 7S8; Lebow, Corny*. 
rend., 1803, 188. 88, Ml; Butt. Sot. dm., 1803, [3J, 28, 787; Amt. Chim. 
Php., 1804, [81 1, 888. 

> CanpL rend., 1807.144, 88. 
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*mains can be treated in various wayfe for the detection of 
nanganese. The simplest plan is to fuse a anSall quaritity-of the 
residue with caustic soda and saltpetre, when the dark-green 
potassium manganate is formed, and this colour becomes deep 
blue on cooling. It dissolves in water with a green colou;, which 
)n addition of a little nitric acid turns red. Other character- 
stic reactions for the manganese salts are the following. Potash 
rod soda precipitate the white hydroxide, which soon becomes 
crown on exposure to air. Ammonia in the presence of 
immoninm chloride produces no immediate precipitate, but 
;he solution rapidly absorbs oxygen from the air, brown man- 
janic hydroxide being deposited. When a manganese com¬ 
pound is fused with borax an amethyst-coloured bead is 
obtained in the outer flame, and this in the inner dame becomes 
colourless. 

The non-luminous gas flame Is coloured green by manganese 
chloride, and this exhibits a spectrum in which the lines in 
the green and yellow are: 1 6087(a), 5392(/9), and 6195(7). Th® 
tpark spectrum of manganese contains a large number of bright 
lines, of which the most important are: 6022, 6017, and 60H 
in the orange; 4824 and 4784 in the green; 4766, 4762, and 
4754 in the blue; 4236 and 4228 in the indigo (Lecoq de 
Boisbaudran). 

The absorption spectrum of permanganic acid and its potass¬ 
ium salt exhibits in very dilute solution five distinct bands; a 
more concentrated solution gives continuous absorption in the 
yellow and green; and this is observed also in certain solutions 
of manganic salts. The latter, however, do not show the bands 
on dilution. The manganous salts also show a characteristic 
absorption spectrum, chiefly in the ultra-violet . 1 

In order to estimate manganese gravimetrically it may be 
precipitated as the oarbonate or, by the action of bromino water 
and ammonia or nitric acid and a chlorate, as the dioxide. These 
are both converted by ignition to the red oxide, Mn 3 0 4 , in which 
condition the manganese may be weighed; a better method is to 
ignite the precipitate, dissolve it in sulphuric acid, drive ofl 
excess of acid, and weigh as the sulphate, MnS0 4 . Manganese 
may also be precipitated as the sulghide, and either weighed in 
this form by Rose’s method, or converted to the oxide by 
ignition, or to the sulphate. It may be precipitated as ammonium 

1 Hoppe Seyler, J. dim., 1870, lift »0S. 

' Lambert, Compi. rm ft, 190ft lO,367. 
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manganese phosphate’ and weighed as the pyrophosphate, 
Mn,P s O,. Electrolytic methods have been proposed. 

Manganese alwayB occurs in nature together with iron. In 
order to separate these the solution is heated with ammonium 
chloride, neutralised with the requisite quantity of ammonia, and 
. the iron precipitated with ammonium acetate. The manganese 
can .then be estimated in the filtrate in the above way. An 
equally accurate method, but easier and more rapid, is to remove 
the iron by precipitation with " cupferron.” 1 

Manganese may be estimated volumetrically by titration with 
potassium permanganate in presence of zinc sulphate (p. 1190), 
or.by conversion into permanganate, which is then estimated 
by titration with standard oxalic acid, hydrogen peroxide, or 
some other reducing agent. When small quantities are con¬ 
cerned this is best done by boiling the manganese salt with 
concentrated nitric acid, solid lead peroxide, and a little dilute 
sulphuric acid, and filtering the resulting liquid through asbestos, 
or by digesting the salt with nitric acid and sodium bismuthate, 
or a persulphate, sulphuric acid, and silver nitrate. 

Manganese may also be precipitated as the hydrated dioxide 
by boiling with dilute sulphuric acid and ammonium persul¬ 
phate, and the dioxide either estimated volumetrically, or in 
the absence of other metallic salts, gravimetrically by conversion 
into the red oxide.* 

Very small traces of manganese can be detected and esti¬ 
mated colorimetrically by oxidising it to permanganate and 
comparing its colour with potassium permanganate solutions of 
known concentration,* 

Valuation of Manganese Ores .—The most accurate and con¬ 
venient methods for the estimation of the quantity of man¬ 
ganese dioxide in manganese ores are those of Bunsen,* and of 
Presenius and Will. 6 By the former method, the quantity 
of chlorine evolved on treatment with hydrochloric acid is 
directly determined. The gas is collected in a solution of 
potassium iodide, and the liberated iodine estimated with a dilute 
solution of sulphurous acid or sodium thiosulphate. 

Fresenius and Will’s method depends upon the action: 

MnO, + CjOjfOH), + HjSO, = MnS0 4 + 2C0 8 +■ 8H.O, 

1 See Freeenine, Zdt anal. Chem., 1911, 50. 36. 

• yon Knorro Zeit. anftw. Chen., 1901,14,1149. 

> See Marshall, Chan. Sew, 1904, 88, 76. 

* Jom. Chm. See , 1868, 8. 218. ' Annalen, 1843, 47, 87. 
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i. e. 88-00 parts of carbon dioxide correspond to 86-93 parte of 
manganese dioxide. The reaction is carried out in a weighed 
apparatus provided with a drying tube, the loss of weight being 
ascertained. 

Another method, based on the same reaction, is to start with 
a known amount of oxalic acid and to determine the excess of 
this, after the manganese dioxide has been reduced, by titration 
with standard potassium permanganate. 

The Atomic Weight of manganese has been determined by 
several chemists, among tho earliest of whom were Berzelius, 1 
Dumas, 1 and V. Hauer.* Dewar and Scott, by estimating the 
percentage of silver in silver permanganate, obtained 65-01;* 
and Marignac, by converting pure MnO into MnS0 4 , obtained 
55-02. s Baxter and Hines from the analysis of the bromide 
and chloride have found 54-96.* The value at present (1922) 
adopted is 54-93. 

■ Fogg- Ann., 1828,14, 211. * A*wkn, 1860, 113, 26. 

■ * IFwa Akad. Ba„ 1867. 28, 124. * Fret. Boy. Soc., 1883, 86, 44. 

1 ZriU owl. Ckm., 1884, 28, 123. • J. Ana. Otm. Sot.. 1900, 28, 1500. 
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Sub-group (a) Iron, Cobalt, Nickel 

„ ( 6 ) Ruthenium, Rhodium, Palladium. 

■ „ (c) Osmium, Iridium, Platinum. 

527 The metals placed by Mendeleev in the eighth vertical 
group form a very remarkable feature of his arrangement of the 
elements. They occur in three sub-groups, each containing three 
metals, forming the termination of the even horizontal series 
4,* 61 and 10, each group being the connecting link between 
the elements of. the even aeries which precedes and those of 
the odd series which follows. The three metals which make up 
each horizontal sub-group resemble one another very closely, 
and differ much less in atomic weight, atomic volume, and 
general physical properties than is usual in the successive 
elements of a horizontal series, as may readily be seen by a 
reference to Lothar Meyer’s diagram (p. 62), 

This remarkable similarity is borne out by the chemical 
behaviour of these elements, the-various platinum metals, for 
example, being so similar that their separation from each othor 
is a matter of the greatest difficulty, and this is true also of 
cobalt and nickel. 

At the same time, a certain degree of similarity can be traced 
between those metals which are in the same vertical column, 
more particularly in sub-groups b and c. Thus ruthenium and 
osmium, rhodium and iridium, palladium and platinum agree 
very closely in many of their most characteristic properties, 
such, for example, as the formation of a tetroxide, which is 
peculiar to ruthenium and osmium, etc. 

From the analogy of the preceding groups, it would be 
expected that the characteristic oxide of the metals of this 
group would have the formula M0 4 or M,0 9 . Actually, how¬ 
ever, only ruthenium and osmium form such an oxide, and 
this is not an acidic oxide, whilst all the metals of the group 
form lower oxides, many of which correspond to series of stable 
salts. * 
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All these metals, unlike the other members of the even 
series of the periodic system, form metallo-organic compounds . 1 

A very characteristic property of the metals of this group is 
their tendency to form complex radicles with other elements or 
groups, which then act as basic or acidic radicles, and thus give 
rise to extended series of compounds. These substances, as a 
rule, differ entirely in properties from the ordinary salts of. the 
metal, this being due to the fact that each radicle has its own 
characteristic properties, and those .of the metal appear only 
when the radicle has been broken np. Some of the most 
important of these complex derivatives are the double cyanides, 
such as the ferrocyanides and their analogues, the complex 
halogen derivatives of the platinum metals, the ammoniacal 
derivatives of cobalt and of the platinum metals, the double 
nitrites, sulphites, etc. This tendency is shared by chromium 
and to some extent by manganese, copper, and other metals 
which either immediately precede or follow the metals of 
Group VIII in the periodic system. 


SUB-GROUP (a). THE IRON GROUP.. 

Iron, Cobalt, Nickel. 

5*8 These three metals are all magnetic, melt at a high tem¬ 
perature, are oxidised when strongly heated in air or oxygen, 
and decompose steam at a red heat. They all form basic oxides of 
the formula M"0, and a corresponding series of coloured salts 
in which the metal is divalent. The eesquioxidee M m ,0 8 also 
act as basic oxides, but the corresponding salts of nickel and 
cobalt are so unstable that they speedily decompose with forma¬ 
tion of salts corresponding to the lower oxide. Those of iron, 
on the other hand, are much more stable, and are formed from 
those of the lower oxide on exposure to the air. These metals, 
moreover, all yield oxides of the formula M s 0 4 , to which no 
stable salts correspond, and which are probably to be considered v 
as being themselves salts of the formula M n M m t 0 4 . Cobalt, in 
addition to these, probably formB an unstable acidic dioxide, 
whilst derivatives of the corresponding nickel oxide are also 
known, but no such derivatives of iron have been prepared, 
although the corresponding sulphide exists as iron pyrites. Iron, 

1 Pope and Peachey, Pnc. dm. fine., 1907, 23, 86. 
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however, forms a series of compounds known as the ferrates, 
which-are derived from a hypothetical acidic trioxide, FeO s , to 
whioh no analogue is known among the compounds of nickel and 
cobalt. 

Nickel and iron both unite with carbon monoxide to form 
volatile liquids, whereas cobalt forms a crystalline carbonyl. 

Nickel has much less tendency to form complex radicles than 
cobalt or iron, the most important of such derivatives formed 
by the last two being the cobaltammines and the cyanogen 
compounds of iron. 

IRON (FERRUM). Fe = S5'84- At. No. 26 . 

529 Iron is the most important of all the metals. It seldom 
occurs in the metallic state in nature; the ores of iron are, 
however, found widely distributed. It is usually supposed that 
the iron age followed those of copper and bronze, although in 
many coses the art of working in iron became known at a very 
early period. It is, however, to be remembered that metallic 
iron is rapidly .destroyed by rusting, at any rate in damp 
situations, and this may to some extent account for the com¬ 
paratively rare occurrence of very early iron implements. 

It appears probable that iron was first obtained from its ores 
in India, and it is certain that both the Assyrians and the 
Egyptians employed iron implements many centuries before our 
era. In the Pentateuch the metal iron is mentioned, as well 
as the furnaces in which it was prepared; the Hebrew namo for 
iron, Barzfl, is derived from the root Basal, which signifies “ to be 
hard,” whilst the derivation of the Greek word aiZrjpoi, which 
ocours in Homer, U unknown. The Greeks obtained their iron 
from the Chalybes, a nation dwelling on the south coast of the 
Black Sea, from whom the Asiatic nations also obtained the metal. 
The Romans, on the other hand, procured their iron, not only 
from this district, but also from Spain, Elba, and Noricum. The 
Elban iron mines, which are to this day renowned for their fine 
specular iron, were worked by the Etruscans. 

The word iron, which is identical with the Scandinavian 
“ iam ” (instead of “ isam ”), and with the German “ Eisen ” 
(adjective, “ eisern ”), appears to be connected with the Sanscrit 
“ ayas ” (Latin “ aes ”), and this, according to Grimm, is an indi¬ 
cation that bronze was in use among the Germans at a much 
earlier date than iron. The alchemists connected iron with 
Mars, the god of war, and gave to it the sign 
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Native iron occurs, according to Andrews, 1 in small spicule 


distributed throughout the basalt of the Giant’s Causeway, as 
well as in the old lavas of the Auvergne. The occurrence of 
terrestrial iron in large lumps has also been observed; these 
masses have, however, probably been formed in the firing-of coal¬ 
pits when the burning mass has come in contact with ores of 
iron; the product is termed natural steel. 

The native metal occurs more frequently in the form of 
meteoric iron, The meteorites falling in larger or smaller masses 
from extra-ten-estrial sources may be divided into two groups: 
“Earthy meteorites,” which consist chiefly of silicates, and 
“ Meteoric irons,” which consist of iron together with a larger 
or smaller quantity of nickel, the presence of this latter metal 
being characteristic of meteoric masses.* Meteoric iron likewise 
usually contains small quantities of cobalt and other metals, as 
well as graphite, ferrous sulphide, and schreibereite, (Fe,Ni,Co)$P, 
this last compound being one which is not 
known to exist in any terrestrial mineral. 

When the surface of a meteoric iron is planed 
and polished, and then treated with dilute 
nitric acid, peculiar configurations make their 
appearance which were first noticed by Wid¬ 
manstatten in the year 1808. These consist 
of rhombic fobs or crystalline markings (shown in Fig. 191) 
which have a metallic lustre; the spaces enclosed by these 
markings are somewhat raised, so that a surface of meteoric iron 
thus treated may be used as a plate from which an engraving 
can be obtained. Similar structures have been artificially ob¬ 
tained in iron, steel and other alloys by slow cooling. Meteoric 
iron frequently occurs in considerable masses; thus, for instance, 
that which was discovered by Pallas in Siberia originally weighed 
800 kilos, [analysis (a)], whilst that found in Bahia weighed 
nearly 7,000 kilos.; a still larger mass occurs at Chaco-Gualamba 
in Peru, which is said to weigh 16,000 kilos., and similar large 
masses have been found in other localities, both in North and 
South America, as well as in Africa. The largest known masses 
are those found at Ovifak on the Island of Disko, off Greenland, 
where fifteen blocks of meteoric iron occur, the weight of the 



Fio. 191. 


1 Brit. Awe. Report!, 1852, U. 

' See Fletcher's Introduction to At Stvdg of MrlrariUi {publiehed by the 
Trttrtew ol the British Mueeum, 19M). See »i*o Prior, Min. Mag., 1916.18, 
28; 1920,19, 61. 


two largest being, according to NordenakjOld , 1 21,000 and 8,000 
kilos.'[analysis (&)]. 

The following table gives the composition of several meteoric - 
irons: 


Looality. 

(•> 

Siberia, 

<»> 

Ovilak. 

M 

Bruit. 

( 8 ) 

Tennewee. 

■ Analyst, 

Benaliue, Nordeaikjold. 

Damorer. 

J. L. Smith. 

Iron . . 

. 88-04 

84-49 

63-69 

91-15 

Nickel. . 

. 10-73 

2-48 

33-97 

8-01 

Cobalt. . 

. 0-46 

0-07 

1-48 

0-72 

Copper 

. 0-07 

0-27 

0-05 

0-06 

Manganese 

. 0-13 

— 

— 

— 

Carbon . 

. 0-04 

10-62 

0-02 

— 

Sulphur . 

. trace 

1-52 

0-02 

— 

Phosphorus 

. — 

0-20 

0-06 

— 

Chlorine . 

. — 

0-72 

— 

— 

Silicate 

. 0-53 

0-09 

— 

— 


100-00 

100-46 

99-28 

99-94 


Finely divided meteoric iron is constantly falling from extra¬ 
terrestrial space on to the earth : the occurrence of this meteoric 
dust has been observed in Sweden and in the snow-fields of 
Northern Siberia, the snow enclosing black magnetic particles 
which contain cobalt as well as iron. Similar particles of 
meteoric dust, consisting of metallic iron, have been found 
by Murray, of the Challenger expedition, at great depths in mid¬ 
ocean. It is only under conditions such as the above that it is 
possible to detect this fine meteoric dust, in consequence of the 
enormous accumulation elsewhere of terrestrial dust. 

530 Iron is usually found in combination either with oxygen 
or sulphur. Of the large Cumber of minerals which contain iron 
only those will now be mentioned which occur most commonly 
and in the largest quantity; ths ores will be specially described 
hereafter. The most important oxygen compounds of iron are 
red htematite, or specular iron ore, Fe,0,; brown hematite, 
2Fe,0 g ,3H,0; magnetic iron ore, Fej0 4 ; spathic iron ore, FeCO a , 
the latter containing other isomorphous carbonates. Again, 
iron pyrites, FeS* occufs largely, whilst magnetic pyrites, 
Fe,S a , is less common; iron sulphids also forms an important 
constituent of copper pyrites, CuFeS*, arsenical pyrites, FeAsS, 
and other minerals. Silicates of iron are found in most geological 
• Pctf.Ju*., 1874, in. 1 M. 





IRON 


ISIS 

formations, and from these iron oxide finds ita way into the soil, 
in which it is usually present in considerable quantity, imparting 
to it a reddish or brown colour. This fact was known to Pliny, 
who mentions that the presence of iron may be recognised by 
the colour of the soil. Iron compounds are contained in solution 
in spring- and river-waters, as well as in the water of the ocean, 
and it is from one or other of these sources that plants obtain 
the iron which forms an essential constituent of their chlorophyll. 

In 1702 N. Lemery proved that the ashes of plants contained 
iron: this observation was confirmed by the experiments of 
Geoffroy in 1706, who, however, assumed that the iron was not 
originally contained in the plants, but that it was produced 
when they were burned. Other celebrated chemists, such as 
Becher, held the view that the iron which made its appearance 
when certain substances were subjected to chemical treatment 
was not contained in them, but was produced independently. 
This erroneous opinion was first disproved by Lemery. 

Iron likewise is a necessary constituent of the animal 
body; for instance, hemoglobin, the red colouring matter of the 
blood, contains 0-336 per cent, of iron. Iron preparations have 
also long been employed as medicine, especially in ansemia. 
After the use of iron the number of red corpuscles is increased, 
and the amount of hemoglobin which they contain becomes 
larger. The presence of iron in the blood was first shown by 
Mcnghini of Bologna in 1747. 

The existence of iron in large quantities in meteoric masses 
indicates a wide cosmical distribution of the element, and this 
conclusion has been confirmed by spectrum analysis, which 
indicates the presence of iron in the sun and many fixed stare. 

531 Preparation of Pure Iron.—Iron is usually produced from 
its oxides by reduction with carbon, and is thus obtained on the 
large scale; thus prepared, however, iron is not pure, but 
contains carbon. In order to obtain chemically pure iron, the 
oxide, or oxalate, may be heated in a current of hydrogen at 
the lowest possible temperature; the metal is obtained by this 
process as a black powder which oxidises and becomes incandes¬ 
cent in the air ; if the reduction is carried on at a higher 
temperature the powdered iron is not jpyrophoric. Reduction at 
1000 ° of the oxide or basic nitrate made by heating very carefully 
purified ferric nitrate gives a product with a distinct metallic 
lustre and a light gray colour. The iron thus obtained is of 
exceptional purity and is remarkably inert . 1 

1 Lambert and Tbomaon, Jwm, Chtn. See., 1810,97, 2430. 
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Pure iron may be prepared'also by electrolysis; 1 this process 
has received considerable attention during, recent years and 
deposits containing 99-98 per cent, of iron have been obtained. 
Two solutions from which satisfactory deposits can be obtained 
have been used on an industrial scale. One oorudate of a highly 
concentrated solution of ferrous and calcium chlorides, which is 
used at a temperature between 90° and 110° with a current 
density of 180 amperes per square foot of cathode area. The 
other solution consists of a concentrated solution of ferrous 
and sodium sulphates; it is used at a temperature near the 
boiling point with a high current density. Electrolytic deposition 
has also been used for making up worn surfaces of machinery 
to correct gauge. 

Properties .—Pure iron has a specific gravity of 7-86, pos¬ 
sesses an almost silver-white lustre, and tabes a high polish; 
ibisj with the exception of cobalt and nickel, the most tenacious 
of all the ductile metals at the ordinary temperature, but 
becomes brittle at the temperature of liquid air.* Its average 
specific heat over 15-100° is 0-10983, but this increases some¬ 
what rapidly with the temperature up to 850°, after which it 
decreases.* 

Pure iron becomes soft st a red heat, and may be readily 
welded at a white heat, but above the welding point it becomes 
brittle under the hammeT. It fuses less readily than commer¬ 
cial wrought iron, the melting point being 1505 1620°/ and 
when heated in the electric furnace it readily distils, much 
frothing taking place in the boiling liquid owing to the 
evolution of occluded gases. 6 It is attracted by the magnet and 
may also be rendered magnetic, but loses this property rapidly. 
Carbonised iron or steel, on the other hand, retains its magnetic 
property at the ordinary temperature, but loses it at a red 
heat. 

When iron is heated from the ordinary temperature to the 
melting point, it undergoes three changes. These changes are 

> Maiimowitach, Zeit. KleUndtea., 1906, U, 62; Ry» and Bogomolny, 
itii, 1906, 12. 697. Compare Amberg, ibid., 1908, 14, 828; 1910,16, 126; 
Muller, Jftfalto fit, 1909, 6, 146: Ptaff, Zat, Bkitrochtm., 1910. 16, 217. 
Flsoher and Quillet, J. Iron gni Sled hut., 1914, 90, 66; Hughes, The 
Electrician, 1820, 86, 630. 

* Dewar and Hedfield, Free. Be*. Sot., 1906,74, 328. 

* Harker, Phil Mag., 1906, [8110,430. 

1 See Carpenter, J. Item 8tul hut,, 1908, 78, 290. 

' Moixan, Oompt. rend., 1906,142, 423. 
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accompanied by an absorption of Wv.nd the cyrve of heating 
exhibits corresponding breaks. Similarly, when molten iror\ is 
booled, these changes occur in the reverse order, accompanied by 
tiition of heat, and the oooling curve exhibits similar breaks, 
to an Inertia on the part of the iron to undergo these 
the temperature at which each occurs is different 
; as the metal is heated or cooled; the breaks on the ' 
; curve are slightly lower than the corresponding ones on 
, a besting curve. The explanation of these changes lies in the 
i&'that iron exists in four allotropic forms , 1 distinguished as 
7 - and 8 -iron (ferrite), though some regard the 0 -modifica.- 
piut solid solution of 7 - in a-farrite.* The a-fonn, which is 
feeble constituent of pure soft iron and is capable of assuming 
Magnetic properties, is stable from the ordinary temperature up 
dabout 760°, when the first change occurs, coinciding with the 
Ifsajipearanco of magnetio properties; the 0 -form is stable from 
his point up to about 900°, when the second change takes place; 
he 7 -form, which is the variety usually formed on solidification 
f the fused metal, is Btable from this .to about 1400°, when the 


bird change occurs; the 8 -form is stable from here to the melting 
bint (1605°). The «-, 0-, and 7 -forms all crystallise in the 
Egular system; the a- and 0 -forms possess a space-centred and 
the 7 -form a face-centred cubic lattice.* 

'Iron combines readily with the elements of the chlorine 
group, and when strongly heated bums in oxygen, forming 
the magnetic oxide, and at a red heat decomposes steam 
with formation of the same oxide; it also bums at a red 
heat in sulphur vapour, and combines with oarbon at a high 
temperature. 

Iron readily occludes many gases, notably hydrogen, nitrogen, 
and the oxides of carbon. . The solubilities of hydrogen and 
nitrogen in iron have been studied 4 and found to be proportional 
to the square root of the pressure of the gas. The solubility 
increases with temperature, and ahows a marked alteration near 
the 0-y transition point, namely, at 930°. The excess of gas is 


‘ Osmond tod Cartnnd, Ami. da Mina, 1901,17, 110; 28, 11J; Cvm.pt. 
rtni., 1900,142, 1630; 141, 44; Roar and Goerens, forum, 1915, It, 1. 

1 Banadioks, J, Iron Bltd hut., 1912, 80, 24$; BifiA hdtr. Cmg. App. 
CAok-. 1912, St, IS; Carpenter, J. Jm 8tul hut. 1913, i„ 815; Sauvar, J. 
hut Uttait, 1918, 88, 171. 

• Weatgreo and L indt , ZtU. fSyriM CktWL, 1921, 96, 181 ; Wcatgnn and 
Fhngnrfd, AiA, 1922,108,1. 

4 Sievarta, Aid., 1907, 80, 129; Jorlaoh, StaM w i But*, 1914, 8i 262. 

• vol, n. in.) 00 
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liberated on cooling the giolten metal, and that retained by the 
aolid may be removed by heating it in vacuo. 

Iron is also permeable to hydrogen. If an iron tabs is immersed 
in acid 1 or used aa cathode in electrolysis 1 the liberated hydrogen 
diffuses through the metal to the inside. Diffusion of molecular 
hydrogen through iron begin* at about 350° and rapidly increases 
with temperature.* During its passage it combines with any 
sulphur, carbon, or phosphorus which may be present, thus 
removing them and rendering the iron soft.* 

Iron dissolves in most dilute acids with evolution of hydrogen. 
Dilute nitric acid dissolves it in the cold without the evolution 
of any gas and with the formation of ferrous nitrate, FefNOJ.,, 
and ammonium nitrate; when heat is applied, or when a 
stronger acid is employed, oxides of nitrogen are evolved, and 
ferric nitrate, Fe(NO,)„ is formed. 

Passive Iron.— When iron is placed in concentrated nitric 
acid it appears to undergo a change, and is then not attacked 
by the acid. 6 It will then not precipitate metals, such as copper, 
from solutions of their salts, and is highly resistant to rusting. 
Iron in this state is termed “ passive.” This condition may be 
brought about by the action, not only of nitric acid, but also of » 
other substances such as chloric, bromic, iodic, and chromio 
acids, and even hydrogen peroxide, as well as by electrolysis, the 
iron acting as anode in sulphuric acid solution.* 

The cause of this phenomenon hsa not yet been definitely 
ascertained, and many suggestions have been made to account 
for it. It is possible that there are more kinds of passivity than 
one, and that no theory will cover all cases. 7 Schonbein, Faraday, 
and Beetz regarded it as due to the formation of a thin film of 
oxide on the surface of the iron, which protects it from further 
action, and this film, according to Haber and Goldschmidt, 7 
possesses metallic conductivity. 

1 Fuller, Train. inter. Elat. Sat., 36. 

* Charpy and Bonnerot, Conpt, nod., 1912, 164, 892; Fuller, lot. n't. 

1 Charpy and Bonnerot, Conpt. rend., IBIS, 1M, 394; BellaU and Luaaana, 
■Vttwo Cim., 1913, [6], 6, t, SS9. See also Sraita, Stahl und fiats, 1919, 89,3, 
73, 406; Schmidt and Lfioke, Zat. phyeikal. Chen., 1921, 88.162. 

1 Kier, Phil Tram., 1790, 80, 389. 8«e alio Yeung and Hogg, J, Physical 
Chm, 1915. 19 , 617. 

' See Gunther and Sohulze, Zeil. EUHrochem., 1912, 18, 326; FUde and 
Koch. Ztit. physikai. Cheat., 1914,88, 307, 

* Friend, Joan, Chen, the., 1912,181, 50. 

1 Ztit. Elettnxhem., 1906, 12, 49. See aleo Gordon and Clark, /. inter. 
Chen. Sue., 1906, 28, 1834; Byera, »W, 1906. 30, 1718; Kram, Ztit. 
Elektmhem., 1909,16,490; Dunatan and Hill, Joan. Chen. Soc., 1911, M, 1861. 
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Fredenhagen 1 supports the hypothesis that ip the passive 
condition the iron is coated with a thin layer of gas, and points 
out that iron rendered'passive by anodic polarisation has a 
different behaviour from that made passive by nitric acid, 
probably because the protective layer is oxygen in the one 
case, and nitric oxide in the other. Iron is readily rendered 
passive to a marked degree by nitrogen tetroxide and the presence 
of a film of this gas has also been suggested as the cause of 
passivity. 2 Hittorf, 3 Hcathcote,* and Finkelstein,* on the other 
hand, regard the phenomenon as due to a chemical or electrical 
change taking place in the molecules forming the surface of the 
iron, the last-named author suggesting that ordinary iron consists 
of both ferrous and ferric iron molecules, and that by the action 
of the above substances the ferrous iron molecules are dissolved 
or converted into ferric molecules, whioh are not capable of 
attack by the reagents. 8 A similar idea is found in the theory 
of Smita, 7 who postulates two kinds of iron: a, base, and /?, 
noble, which arc in equilibrium. During anodic polarisation, or 
in nitric acid, the metal dissolves quicker than equilibrium can 
be established, and consequently there is produced on the surface 
•bn excess of /9 iron, the noble variety, so that the metal is resistant 
to attack or, in other words, is passive. Hydrogen (as also the 
halogens) tends to accelerate the change of 0 to a. During 
anodic polarisation or when the metal is dipped in nitrio add 
the hydrogen it contains is completely removed from the surface 
by oxidation. In either case, therefore, the passivity produced 
will persist until hydrogen diffuses from the interior of the metal 
to the surface, when the equilibrium is accelerated, the a Variety 
being re-formed, and the metal becomes active again. 

Lambert and Thomson 8 have prepared iron of exceptional 
purity and found it to be extremely resistant to chemical action, 
or, in other words, “ passive." It would therefore appear that 
pure iron is passive,* and Lambert 10 baa proposed the following 

> Zeit. phyHkal Cbm., 1903, 48, 1; 1908, «3,1. 

■ Young and Hogg, lot. ed. * Zeit. phyeikal Cbm., 1900,84 385. 

* Ibid; 1601, 87, 368; J. Soc. Chtm. Ind, 1007, 20 , 899. 

‘ Ibid., 1902,88.91. 

• Soo alao Smita and Lobry da Bruyn, Proc. K. Atad. WeleneA. Ameterdam, 
1917,19. 880; Brown, J. Pky'i. Cbm., 19*1, 28, 429. 

' J. Soc. Cbm. Ini., 1916, 86, 9*8; De le^tnieur, 1918,387. Soo aleo 
Smita, The Tbnry qf Allotropy (Longman*), 1922, p. 342. 

• Joum. Cbm. Soc., 1910, 97, 2426. 

* Sea aleo FUde and Kooh, Zeit. SUUroebm., 1911,18. 338. 

* “ Joum. Cbm. Soc, 1918,197. 218. 
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definition of passivity: "The .production by some chemical or 
electrochemical means of a physically homogeneous layer on the 
surface of a metal of which the surface Vas originally physically 
heterogeneous. 

Passive iron is rendered active again by chlorine, bromine, or 
iodine ions. Anodic polarisation by electrolysis of an iron salt 
can be made periodic by the addition of chlorine ions to the 
solution. 1 

Finely Divided or Seduced Iron (ferrum redaction) has long 
been used in medicine. Spongy iron, prepared by the reduction 
of burnt pyrites or other suitable iron ore, has been employed 
as filtering material for purifying water for domestic use. 

532 The RuMing of Iron.— The formation of rust on exposed 
surfaces of iron was formerly supposed to be due to direct 
oxidation of the metal. However, contact with both air and 
water in the liquid state is necessary for the production of rust.* 

The investigations of Crace-Calvert* and Crum Brown 4 
indicated that carbon dioxide, too, plays an essential part in the 
reaction, and in most cases of rusting it is certainly an active 
agent. The feebly add solution of carbon dioxide in water 
attacks the iron with considerable rapidity, yielding a solution' 
of ferrous carbonate or bicarbonate. This is then oxidised by 
the oxygen with formation of hydrated ferric oxide and evolution 
of carbon dioxide, which is thus available for further attack, its 
action therefore being catalytic: 

Fe + 2H.0 + 2CO, = FefHCO,), -f H, 

• 4Fe(HC0 a ), + 2H,0 + 0, = 4Fe(0H) a -f 8CO a . 

Dunstan, Jowett, and Goulding E have suggested that the 
presence of carbon dioxide is not essential, but that the iron acts 
on the water and oxygen with formation of ferrous oxide and 
hydrogen peroxide. These two substances then interact with 
formation of hydrated ferric oxide: 

Fe -f- 0,4" H,0 — FeO -f - QgO a 
2FeO + HjO, - Fe 1 0 1 {0H)„ 

1 8mft* end Lotoy d» intya, Proe. X. Altai. Wetoucl. Avuteriam, 1914, 

18,807. 

• Dnnitae, Jowett, mod QouIdJof, Joan. Clan. Soe., 1908, 87,1618; Proe. 
On- Soc., 1907,88, 63. 

• Mm Monel. PM. 8oe n 1*74, 5,101. 

‘ J.Irm8u4Imi., 1888, li., 119. * Lot. tit. 


the excess of hydrogen peroxide immediately reacting with iron* 
to form a further quantity of rust. No evident of the inter¬ 
mediate formation of hydrogen peroxide has been found, the 
authors basing their conclusion mainly on the fact that substances 
which destroy hydrogen peroxide appear also to prevent rusting. 

Water is itself dissociated into H and OH' ions, and Whitney 1 
has suggested that iron combines directly with the OH' ions to 
form ferrous hydroxide while hydrogen « liberated. The function 
of the oxygen is to oxidise the ferrous hydroxide to rust and 
also the hydrogen, thus disturbing the equilibrium and allowing 
the reaction to proceed further. 

Whether pure oxygen and water in the complete absence of 
carbon dioxide or other acid will cause iron to rust has been the 
subject of much discussion. The researches of Moody 8 showed 
that under such conditions no rusting occurred. In his experi¬ 
ments, however, the iron was cleaned by means of chromic acid, 
and the criticism has been made that it was thereby rendered 
passive. Lambert and Thomson* found that an exceptionally 
pure sample of iron made by the reduction of carefully purified 
ferrio nitrate did not rust, and it is therefore probable that the 
• non-rusting of Moody’s iron can be accounted for by the thorough 
cleaning of the metal. Lambert 4 consequently concludes that 
only an impure iron will rust, and that rusting is due to differences 
of solution tension of different parts of a heterogeneous surface 
of impure metal. The process is an electrolytic one and the 
oxygen acts as a depolariser by oxidising the hydrogen. 6 

The formation of rust takes place to begin with but slowly, 
but as soon as a thin, superficial layer of rust has been formed 
tho process goes on rapidly. There is a difference of potential 
between rust and metal, so that electrolytio action is further 
increased. 4 Friend 1 has suggested that rusting itself is due to 
the catalytic aotion of a sol of a higher oxide of iron which oxidises 
the iron and is thus reduced, but is oxidised again by oxygen. 
He has shown that iron does not rust as quickly in moving 


1 J. Amtr. Clem. Soc., 1003, BS. 394. 

• Jonm. Clem. Soc., 1906, 89, 720 ; Proc. Clem. Soc., 1907, £8. 84. 

• Joum. Clem. Soc., 1910, 87. 2*16. 

• Ibid., 1918, Ml, 2066; ibid , 1915,107. 818;, Proc. Clem. floe., 1912,88. 
197; Trane. TaradafSoc., 1913,8, 109. 

• See abo Altohieoa, /. Iron Steel Inei., 1916, 1, 77; Gondrlaan, Clen. 
WteHiad, 1919,18, [401 1*70. 

• See Aston, Trane. Amer. SUet. floe., 1916,80,4*9. 

» /own. Clem, floe, 1981,118, 918; aw atao Koll. Uit„ 1981, E& 807. 




"water which would remjve the so], and that those substances 
which precipitate, dehydrate, dissolve, or act as protective colloids 
to'the sol, also decrease rusting. 

Certain salts, especially those of ammonia,’ promote rusting, 
while alkalis and alksJi carbonates inhibit it.' 

Steel instruments may be kept bright by immersion in a 
solution of caustic soda, or, better, of sodium nitrate. In order 
to lessen the liability to rust, iron articles are coated with varnish 
or oil-paints, or the surface is covered with oil, grease, or graphite. 

A coating of magnetic oxide of iron, Fe,0«, is, however, the moat 
efficient protection, and to obtain such a coating articles of iron 
are subjected to the action of superheated steam at a temperature 
of about 660°, this process being known, from the name of its 
inventor, as the Barff process. 

In contact with sine, iron becomes electronegative, and is 
thereby to a conaiderable extent prevented from rusting. Iron 
articles ate therefore often covered with a coating of line to 
protect thorn from atmospheric oorrosion. This is usually done 
by immersing the cleaned iron article in a bath of molten line 
(galvanising) or by packing the iron round with zinc dust in a 
closed chamber and heating to just below the melting point of . 
zinc (sherardising). The former method is more extensively 
employed, but the latter gives a more resistant product.® Iron 
is also coated with tin by immersion in the molten metal (tin¬ 
plate) but in this case the protection lasts only as long as the 
layer of tin is intact. Once a portion of the iron becomes exposed 
it nuts much more rapidly than if no tin were present, because 
iron is electropositive in contact with tin. The coating of iron 
with nickel by electro-plating is another important method of 
protecting it from atmospheric action. 

By alloying chromium with steel, a product is obtained which 
is capable of resisting all ordinary corrosive agents. It is put on 
the market as rustlw or stainless sled. 

533 Iron amalgam does not form readily, but on acting with 
a 1 per cent, sodium amalgam upon a solution of ferrous 
sulphate a semi-solid mass is obtained which, when in small 
globules, is attracted by the magnet. On distilling this 
amalgam, metallic irop remains in a state of fine division 

1 8m Vulwl, Ckm. ZtiL, 1913, *7. 698. 

1 See Fraud and Martial!, Jam. Okem. Soc., 1914, 109, 2776; Pm, 
Ckm. Sot, 1914,10,293. 

• Halla, Zat. XUtotfcm., 1913,19, 221. 
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(Bfittger). The same amalgam can.be formed by rubbing 
powdered iron with meteoric chloride and water. If an iron 
wire be attached to the copper pole of a Daniell element, and 
dipped into a solution of ferrous sulphate, whilst another iron 
wire from the zinc pole touches a drop of mercury lying in 
the solution, amalgams of varying composition are obtained 
according to the intensity of the current . 1 Those containing 
only small quantities of iron are liquid; those in which more 
iron is present are soft and crystalline. One containing 103-2 
of iron to 100 of meroury forms a hard, black mass, and is obtained 
by submitting the liquid amalgam to a pressure of 50 tons to tbe 
square inch. 


METALLURGY OF IRON.* 

534 Several mythical stories point to the fact that in very 
early times meteoric iron, which, falling from the heavens, was 
considered as a gift of the gods to man, was employed in the 
manufacture of iron weapons. Kumbary 1 relates that the 
chiefs in the Wadai country, in Central Africa, possess many 
weapons which have been worked up from meteoric masses. 
But meteoric iron occurs so sparingly upon the earth’s surface, 
and is, in fact, so unsuited to the manufacture of tough forgings, 
that at a comparatively early period in the history of Civilisation 
men set about the smelting of iron from its ores . 4 

The enormous deposits of ancient slag and furnace-cinder 
which arc found spread over large areas in various districts of 
India point to the fact that the iron industry existed in that 
country in very early times, and even to the present day the 
manufacture of iron is carried on in India in the most primitive 
manner. It is also clear that the ancient Assyrians and 
Egyptians were well acquainted with the uses of iron, and the 
remains of their iron works have been found near Sinai. But, 
independently of these sources, a knowledge of the methods of 
working iron ores also appears to have been gained by the 
tribes living in the North of Europe, whilst the inhabitants 
of the Western Hemisphere were not acquainted with these pro¬ 
cesses. Little iB known respecting the method employed by the 

• 

** Joule, Jouro. Chtm. 8oe., 1863, M, 378. 

* Further information on this subject may be obtained from tbe metal¬ 
lurgies! works of Foroy, Tamer, Hows, Harbord, Sexton, and Carnegie. 

* Crmpl. rad.. 1870, 70, «49. 

* See " The Bart)- Cae of Iron," Brough, J. Jmn Steel Iiut., 1909,60, 233. 
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ancients in the manufacture of iron; the slight information which 
we possess has'been collected together by Agricola in his works, 
“ De Veteribus et Novis Metalhs,” and “ De Re Metallica." 1 
The apparatus employed was evidently of a primitive kind, and 
consisted of a small hearth or furnace to which was attached a 
bellows or blowing arrangement driven by band, similar indeed 
to that which is now in use among the hill-tribee in India and 
in Central Africa. Malleable iron and steel are both produced 
by igniting the iron ore with charcoal, the metal being obtained 
in the form of a porous lump or “ bloom,” which is pressed or 
hammered into a coherent metallic mass. 

The dexterity exhibited by the Hindus in the manufacture 
of wrought iron may be estimated from the fact of the existenoe 
near the Kutab Minar, Delhi, of a wrought iron pillar 24 feet in 
length. 1 This pillar stands about 22 feet ont of the ground, and 
has an ornamental cap bearing an inscription in Sanskrit belonging 
to the fourth century. An analysis of specimens obtained from 
the actual pillar by Hadfield shows that the material is an 
excellent type of wrought iron, made with a very pure fuel, 
probably charcoal. 

535 Varieties of Iron and Sled.— Iron which is obtained from 
its ores by metallurgical processes is never pure, but contains 
Jther constituents, which greatly affect the properties of the 
netal and determine its value for various purposes. The most 
mportant of these constituents are carbon, silicon, phosphorus, 
mlphur, and manganese, and, in special cases, nickel, chromium, 
tungsten, vanadium, cobalt, and molybdenum. It is found that 
comparatively small variations in the amount of these substances 
exert an enormous influence on the properties of the metal. 

Pour main varieties of commercial iron are usually dis¬ 
tinguished : 

(1) Cast iron contains 2-2-4-J5 per cent, of carbon, beside* 
- varying quantities of the other elements mentioned above. 

This variety fuses readily, and when cold is brittle and cannot 
be worked under the hammer. 

(2) Wrought or maSsabie iron contains little carbon and 

1 Sm the translation from the Latin edition of 1858, by H. C. Ecover and 
L, H. Hoover; jmlliabed by The ifintn# Mafizint, 191S. 

1 A oast of this pillar eras formerly to be seen la tbs Architectural Court 
of the Booth Kensington Museum, bat wse destroyed during a fire in 1888. 
A drawing of the pillar is found in St John Say's Prehistory Vk of Iran 
mi Bltd, p. ltd, and a reprodootksi from a photograph in the J. /roe Steel 
/art, !«*,«, 168, Plate M. 
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fuses with difficulty, but ia malleable aiyl can therefore be worked 
under the hammer, and can be welded at a red heat. The 
characteristic feature of malleable iron is that it is produced 
in a pasty state without having been melted, and consequently 
contains particles of slag, which cannot be completely removed 
from the nnfused metal. 

(3) Sled comprises all malleable alloys of carbon and iron 
whioh have at any time been actually melted. It contains very 
little slag, but otherwise does not necessarily differ in composition 
from malleable iron. Steel possesses the valuable property of 
becoming hard when it is suddenly cooled from a high tempera¬ 
ture, the intensity of this effect depending largely upon the 
amount of carbon which it contains. 

(4) Special Heels contain, besides carbon, varying quan¬ 
tities of one or more of the following elements : manganese, 
nickel, chromium, tungsten, silicon, vanadium, molybdenum, 
and cobalt. Some of these steels have valuable mechanical and 
physical properties not possessed by ordinary carbon steels. 

The general process of iron smelting consists essentially in 
the removal of the oxygen from the ores, and this is invariably 
carried out in practice by the action of carbon at a high tem¬ 
perature. In addition to the oxygen, the extraneous matter 
contained in the ore, such as silica, alumina, lime, sulphur, etc., 
must also be removed, and the resulting iron must be exposed to 
such conditions that it acquires the composition which will fit it 
for the special purpose to which it is to be applied. 

536 Ores of Iron— The term iron ore includes only those 
minerals which contain iron both in sufficient quantity and also 
in a condition which enables them to be employed for the eoonomic 
production of the metal. Thus, for example, iron pyrites, FeS*. 
which occurs in very large quantities and contains a high per¬ 
centage of iron, cannot properly be described as an iron ore, 
although it is used as a source of iron after the removal of sulphur 
for the manufacture of sulphuric acid. In like manner, arsenical 
pyrites, although it also contains a large quantity of iron, ia 
unfit for the production of the metal; and the same may be 
said of many other minerals which contain large quantities of 
iron. • , 

" The various ores of iron are composed of, or yield, the oxides 
of iron in more or less pure condition, and the value of an iron 
ora is influenced by the nature of the impurities which it contains 
as well as by the percentage of iron. 
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The ores of iron occur,in almost every geological formation; 
thus magnetic'iron ore is found in the older rocks, as in the 
Laurentian beds of North America, and the old slates and 
gneisses of Sweden, whilst red hematite occurs in beds or 
pockets in the carboniferous limestone of Cumberland and 
North Lancashire, and spathic ore and day iron stone in the coal 
measures. Again, the oolitic rocks furnish large deposits of 
brown hematite, and the Elba ore is probably a tertiary deposit. 
Still more recent formations of iron ore are seen in the bog ore 
of Germany and the North of Ireland, whilst " lake ores ” are 
being formed in Scandinavia at the present day. Analyses of 
various ores are given on page 1227. 

Magnetic Iron Ore, Magnetite, or Loadetme, Fe a 0 4 .—This ore, 
in the pure state, constitutes the richest ore of iron, containing 
72-4 per cent, of the metal. It occurs in the crystalline and 
massive state as well as in the form of sand, and is found in 
large deposits, especially in volcanic rocks, as well as in granite, 
gneiss, and mica-schist. The most important localities of 
magnetite are Arendal, Dannemora, and other places in Norway, 
Sweden, and Lapland; the island of Elba; the Ural Mountains; 
and several localities in the United States, especially near 
Lake Superior. In England, magnetic oxide of iron occurs on 
Dartmoor, at Brent in South Devon, and at Treskorby in 
Cornwall; but it cannot be said to be an important English 
ore. In Germany it is found in large quantities at Schmiedeberg, 
in Silesia, and a few other localities. 

FranklinUt, (Fe,Mn),0„(Fo,Zn)0, occurs in New Jersey, and is 
6rst worked for zinc, the residue being used as an iron ore for 
the production of spiegcleisen, 1 

Red Hamatite, or Specular Iron Ore, Fefiy— This sub¬ 
stance occurs crystalline as specular iron ore, and also in a 
massive state having a columnar, granular, or botryoidal form, 
as well as in the earthy condition. Haematite occurs in veins as 
well as in beds and pockets. One of its most remarkable localities 
is the island of Elba, .where it occurs finely crystallised between 
talcoas schist and crystalline limestone. The Elba mines were 
worked by the Etruscans, and are still productive. A fine 
fuematite occurs in the jluronian rocks on the southern shore of 
Lake Superior, whilst at Iron Mountain, near St. Louis, Missouri, 
enormous masses of this ora of iron are found. On the continent 
of Europe hreaatite occurs in Belgium, and deposits of this ore 
■ J. Im Slat but., 1894 , 41, 418 . 
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are found also in the Devonian formation on the L&hn in West¬ 
phalia. The chief deposits of hematite in England are those 
near Ulverston in Lanoashire, and on the coast of Cumberland 
near Whitehaven; the ore here occurs in beds or pockets 
in the carboniferous limestone, sometimes existing as hard 
botryoidal masses exhibiting crystalline structure, and some¬ 
times in a soft or compact amorphous condition. 

Brown Hcematite, or Limonite, Fe 4 0 J ,2Fe(0H) s = 2Fe a 0 3 ,3H 2 0. 
—This subatftuce occurs crystallised in rhombic prisms, but 
is more frequently found either in a fibrous, foliated, and 
scaly condition, or as a dark brown, reniform mass and commonly 
known as Drown and Yellow Hematite. In the massive state 
this ore occurs in largo quantity, and, as it can be readily 
worked, it has been long employed as a source of iron. It is 
found in the carboniferous limestone as well as in the older 
rocks, in the Forest of Dean, and at Llantrissant in Glamorgan¬ 
shire in the lowor coal measure sandstones. At Bilbao, in Spain, 
it occurs largely in the carboniferous limestone, whilst the newor 
and earthy brown hematite is found in the oolite and greensand 
in Northamptonshire and Lincolnshire. It is likewise largely 
worked in Germany and France, being the ore from which the 
greater part of the iron made in these countries is derived. The 
bog ores which are worked in the plains of North Germany and 
Canada and in other places, as well as the peculiar iron ore of 
the North of Ireland and the Swedish lake ore, belong to this 
class, and are of the most recent geological formation. 

Spathic Iron Ore, or Siderite.— Spathic iron ore consists of 
ferrous carbonate, FeCOj, invariably mixed with the isomor- 
phous carbonates of manganese, magnesium, and calcium. It 
possesses a yellowish-brown colour, and ocouis often in globular 
or botryoidal forms having a silky, fibrous structure. It is usually 
found in Devonian rocks, occurring in England at Weaidale in 
Yorkshire, at Brendon Hill in Somerset, and on Exmoor. 

Olay Iron-stone, or Argillaceous Iron Ore, is a spathic iron 
containing clay, and is chiefly found in nodules or bands inter¬ 
spersed throughout the clays and shales of the coal measures. 
It is the moat important English ore of iron. The chief workable 
British beds occur in Yorkshire, Derbyshire, Staffordshire, 
Warwickshire, South Wales, and Scotland. 

The “ black band ” iron-stone is an important- variety of this 
ore. It contains from 20 to 28 per cent, of carbonaceous matter, 
and is found in Lanarkshire, North Staffordshire, and South 
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Wales. The Scottish beds were discovered by Mushet in 1800, 
but the/ were'not worked until the year 1830. In 1855 the 
same ore wee discovered in Westphalia, and it is worked also in 
Lower Silesia. The coal measures of the Gard and of the 
Aveyron in France, and those in Pennsylvania and Maryland 
and ither States, also contain large quantities of clay iron-stone. 
The same ore is found in strata in the lias and also in the 
oolitic and tertiary rocks, the Cleveland iron ore belonging to 
this last class. 

537 Preparation of Orel for Smelting. —In many cases iron ores 
require no preliminary treatment before smelting other than 
breaking to a size suitable for the furnace. The correct size will 
depend on the nature of the ore. In most cases it is not profitable 
to ooncentrate the ore or to separate it from associated impurities 
before smelting, but in the case of certain magnetites, magnetio 
separators are used which concentrate the ore and at the same 
time considerably reduce the amount of phosphorus which occurs 
as non-magnetio apatite. The concentrates, which have neces¬ 
sarily been crushed to a fine state, are afterwards briquetted in 
suitable presses and hardened by submitting to a high tem¬ 
perature. In some cases a binder is introduced before briquetting, 
the most common being lime, the briquettes in this case being 
submitted to the action of high pressure steam for hardening. 

Many methods of sintering, agglomerating or nodulising fine 
ores such as the residues of pyrites burners have been recently 
introduced, some of which are carried out in a similar manner to 
that used in the blast roasting of galena (p. 906). 

The carbonate ot», clay iron-stonee and brown hematites are 
submitted to a process of calcination prior to smelting. Cal¬ 
cination is carried out in kilns, and during the process water is 
expelled, carbonic acid driven off, sulphur reduced considerably, 
coaly matter burnt, and ferrous oxide converted into ferrio oxide. 
The operation also results in a more porous material suitable for t 
reduction by the agency of carbon monoxide in the furnace. 

The Manutactobk op Ims. 1 

538 The application of the blast furnace to the manufacture 
of iron mar kg an era in lie history of the iron industry, inasmuch 
as it was by its use that a continuous process of iron manufacture 

1 to r farther information on tUe subject the render la referred to Percy 1 1 
admirable “ Sketch of the Hletory at Ins," Im t end Sled, p. 878, end to 
Turner'«itfetjBwjy of Itm, Idtf. 
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beoame possible. The duooveiy of a prooeaa by which fusible 
iroq can be prepared appears to have been made, probably 
accidentally, about the end of the fifteenth century, in Germany, 
where the Stilckofen had long, been in use for manufacturing 
blooms. No description of the process is, however, to be found 
in the older writers upon metallurgy. Thus Agiicola, writing 
in J556, mentions only the older methods of iron making, 
although he appears to have been acquainted with cast iron; at 
any rate, the new method must have been at work in this 
country in 1543, for we find that in that year English cast iron 
cannons were used. The great demand for cast iron, which waa 
all made with charcoal, soon leading to a destruction of our 
forests, it became necessary, in the first year of the reign of 
Elizabeth, to endeavour to replace charcoal by some other fuel. 
This was accomplished by the employment of coke instead of 
charcoal, a practice which was carried out in England by Dudley 
as early as the first half of the seventeenth century, but which 
afterwards fell into abeyance. It waa subsequently revived by 
Abraham Darby at Colebrookdale, about 1735; 

The blast furnace consists of a shaft varying in height from 
50 to 100 feet, the largest diameter being 14 to 24 feet. Tho 
essential parts of the furnace are, first, the hearth or crucible, 
and, second, a shaft or chimney formed of two truncated cones 
joined at their bases, the Upper being termed the “ body " and 
the lower one the “ boshes.” Fig. 189 shows tho construction 
of such a furnace on the scale of 1:180. 

The shaft, a, Fig. 192, is 75 feet high, the diameter at the 
widest part (the belly or bosh) being 20 feet, whilst at the 
throat, n, it is 16 feet, and at the hearth, c, 11 feet. The 
shaft is constructed of an outer shell of wrought iron or 
mild steel plates, supported by means of cast iron columns, 
d, and is lined with fire-brick. In the lining of the boshes, 
which is exposed to the highest temperature, cooling boxes 
are inserted. These consist of narrow, flat boxes made of bronze, 
which are built into the brickwork, and are cooled by a current 
of water, thus preventing the brickwork from becoming too hot. 
The wall of the hearth, which is also lined with fire-brick, is 
pierced by several openipga; the tapping hole, E, by means of 
which the molten iron is periodically withdrawn; the slag-notch 
(not shown in the diagram), which is situated at a higher level, 
and through which the lighter slag is allowed to flow away into 
trucks or ladles; and, finally, the openings by which the blast of 
air ia introduced through the tuyeres. 












The threat pf the furnace is dosed by a contrivance known as 
the cup and cone arrangement, fiat introduced by G. Pany at 
the Ebbw Vale works in 1860. It consists of a cast iron funnel, 
fixed at the mouth of the furnace, and dosed by a cast iron oone, 
suspended at one end of a counterpoised lever, or by means of a 
chain and wheel. The charge is tipped from barrows on to 
tbe cone, and is introduced into the furnace by momentarily 
lowering the latter. When the oone is raised against the funnel 
(as shown in the figure) the throat of the furnace is closed, and 
the escape of gases into the air prevented; these then pass 
out of the furnace by the downcast, r, which is provided with 
a dust-catcher, o, and are, after further cleaning, conveyed 
through the main to the stoves for heating the blast, to the 
boilers, or to any other point where the heat produced .by 
their combustion can be made available. The gases are also 
frequently used direct in gas engines. 1 

The blast of air is introduced near the bottom of the furnace 
through tuyere holes, perforating the walls of the hearth. The 
tuyires are made of wrought iron, cast iron, or bronze, and have 
a double casing through which water circulates to keep them 
cool; they vary in number from 8 to 16, according to the size 
of the furnace, are about 6 to 7 inches in diameter, and are 
fed from an annular pipe, H, which surrounds the lower part 
of the furnace, and is connected with the blowing engine. 

Hoi and Cold But .—Op to the year 1828 air was blown 
into the furnace at the ordinary atmospheric temperature, but 
in that year J. B. Neilson * patented a process for heating the 
air before it passed into the furnace, and this process, inasmuch 
as it saved from 16 to 26 per cent, of the fuel, and was sIbo accom¬ 
panied by an increased productive power of the furnace, was 
soon generally adopted, although the cold blast is still employed 
in some works for the manufacture of certain brands of cold 
blast iron. For the purpose of heating the air, the waste gases 
from the furnace are burned in a Cowper’s or Whitwell’s stove 
or some modification of these, inch as the Masaick and Crookes, 
the Ford and Honour, or the Cowper-Kennedy; all these act 
on the principle of the Siemens regenerator, and after being heated 
sufficiently the gas supply is diverted and cold air passed through 
on its way to the furnace. The air is thus introduced at a 

1 Hulwt, Bernhardt, and Weatguth on Blait-fomaoe Gaa Rnglnm, 3. Irm 
Slallmt. IMS, 71,1S-168. 

■ Patent No. 8701, March M, 1828. 



ion SLamuTAUlUKE OF IRON 


1291 


temperature of about 700 s to 800°, and at a pressure of about 
5 lb. to the square inch. 

The total capacity of a furnace such as that described is about 
14,160 cubic feet, and it is capable of producing about 1,000 to 
1,300 tons of iron per week. 

Dry Air Blast.—An important development in blast furnace 
practice is the drying of the air before passing it through the 
stoves . 1 This is accomplished by drawing the air through 
refrigerators in which the moisture is removed, By this means 
it is possible under certain climatic conditions to increase the 
burden and production of pig-iron by 20 per cent., to reduce 
the amount of coke per ton of iron by 18 per cent., and to diminish 
the duty on the blowing engines on account of the colder air 
being denser. Tbe greatest advantage is, however, in the regu¬ 
larity of working the furnace, because the amount of moisture 
carried into the furnace by the blast varies very largely from day 
to day with change of atmospheric conditions, so that the burden 
of the furnace must have a safe margin of fuel to allow of a sudden 
loss of heat due to this cause. 

539 The Working of the Furnace .—For the purpose of start¬ 
ing the newly-built blast furnace it is necessary that the whole 
should be gently heated by means of a fixe, usually made by 
piling a quantity of rough dry timber in the hearth, on to the 
top of which charges of coke are placed. As soon as the shaft 
has become warm, regular chargee of calcined iron-stone, lime¬ 
stone, and coke are added, until the furnace ie filled. The 
blast is then turned on to about one-fifth of the quantity usually 
employed, the sire of the tuyires being gradually increased 
until the furnace is in full work. 

The proportion of the materials employed, viz., iron ore, lime¬ 
stone, and fuel, termed the charge or burden, varies consider¬ 
ably according to the nature of the ore, If it be siliceous or 
clayey, additions of lime must be made; whilst if tbe ore contain 
lime instead of silica, the addition of silica may be required, 
The object of these additions is to form fusible slags, so that 
the gangue of the ore may be removed and the furnace kept open 
and in proper working. The dag consists of calcium and alu¬ 
minium silicates, and it is extremely important that it be kept 
of the right basicity and fusibility. If the supply of lime and 
alumina be insufficient to combine with the silica present, oxide 

1 Qayley, J. ln% Slut l*tL. 1904. 89. 274: MM, 87. 188. Ste also Baubioi 
mid Hoy, J. ire* SkA /«*(., 1911,88, 28. 
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of iron passes into the slag, thus causing waste, whilst if an excess 
of these base; be used'the lining of the furnace is attached. 
The fusibility of the slag, moreover, determines the temperature 
which can be reached, and is therefore of great importance, 
as this has a great effect on the nature of the iron produced. 
The higher the temperature which is required for the reduction 
of the ore the leas fusible must be the slag, As soon as the proper 
proportions between the fuel, ore, and limestone have been 
ascertained, it is of the greatest importance that these propor¬ 
tions should be strictly adhered to, and for this purpose the charges 
are regularly weighed or measured and supplied at the top of 
the furnace, into which they are charged by lowering the cone 
as already described. 

On the average about one ton of coke and 8 to 12 cwt. of lime¬ 
stone are required for each ton of iron produced, about 5 tons 
of heated air being used in the operation. When the furnace 
ib in regular blast, a constant- stream of slag passes out from the 
slag-hole, the iron collecting in the lower part of the hearth, 
and being from time to time tapped by piercing a plug of sand 
and clay by whioh the tap-hole has been closed. Before tapping, 
diouMb are prepared for holding the metal; these are formed 
in the sand as a series of parallel trenches, which are placed 
in communication with the tap-hole. The blast of air is then shut 
off, and the tap-hole opened by piercing the plug with a long 
bar of iron. The molten iron flows into the channels communicat¬ 
ing with the moulds and assumes the form of Bemi-cylindrical 
bars or “ pigs ” united to one another by one of larger dimensions 
termed the " sow.” 

If, owing to some accident to the machinery, a blast furnace . 
is obliged to stand when hot, the operations may be suspended 
for several months if the throat and tuyere-holes are closed up 
with sand or clay. Should, however, serious damage have 
occurred, the furnace must be "blown out. 1 ’ This is accom¬ 
plished by reducing the burden, and thus increasing the tempera¬ 
ture for a time so as to remove any aggregations of solid matter 
which are fusible only at a high temperature. Filially only 
fuel is charged, the contents of the furnace are allowed to burn 
out, and the last tapping is made at a point as low down in 
the hearth as possible. The life of a blast furnace varies con¬ 
siderably, lasting from fivs to twelve yeaw, or even fox a longer 
time, according to circumstances. 

The sire and ihape of bleut furnaces have bean and continue 
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to be very different. Wien charcoal is employed, as was formerly 
universally the case, and is still so in countries where wood is 
plentiful, the furnace is usually only from 20 to 30 feet in height. 
The charcoal iron which is thus manufactured in Sweden, Russia, 
and America is especially valuable for the preparation of crucible 
steel Blast furnaces in which the fuel used is either coke, 
anthracite, or splint coal, are, on the other hand, of much larger 
dimensions, the exact height and capacity of the furnace being 
regulated by the nature and amonnt of iron which has to be 
produced, as well as by the nature of the ore and fuel to be 
used. 

In the year 1750 each English blast furnace produced about 
300 tons of pig-iron per annum, whereas a large-size modern 
furnace yields up to 70,000 tons in the sa^ne period. In the 
Cleveland district, where the blast furnaces are usually large, 
the average capacity of those built up to the year 1864 was 
about 7,000 cubic feet; whilst those built during the years 1870 
and 1871 have an average capacity oloee upon 30,000 cubic 
feet; in some cases, however, the height rises to 106 feet, and 
the capacity to 60,000 cubio feet. The production of a blast 
furnace inorcases, of course, with its size, but not in a direct 
ratio; thus lowthian Bell has shown that an old furnace of 
1853, having a capacity of 6,000 cubic feet, yielded one ton of 
iron per twenty-four hours for every 190 cubic feet of space; 
whilst in the high furnace built in 1870, 380 cubic feet of Bpace 
are required to produce one ton of iron in the same time ; hence 
the maximum limit of economic action may be passed by increased 
size. 

The maximum production is at present gained in America, 
where furnaces 76 to 90 feet in height are employed, and the 
blast is fed at a higher pressure, averaging about 10 lb. to the 
square inch. The furnace thus works more rapidly, producing 
as much as 100,000 to 160,000 tons per annum . 1 

540 Chemical Changes in the Furnace .—A large number of 
investigations have been made on the subject of the changes 
which occur in the blast furnace, but in spite of these our know¬ 
ledge of them is still far from complete. The fuel at the hearth, 
uniting with the oxygen of the blast, which is insufficient for its 
complete combustion, bums with formation of carbon monoxide- 
This gas, coming into contact with the constantly descending 

1 Ons of (he Carnegie Steel Company'i famaoee produced 918 tom of pig- 
iron la twenty-four horn* on Hanh 50th, 1905. 
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charges of ore, reduces r th,e ferric oxide to spongy metal, the 
change being 'accompanied by a slight evolution of heat: 

Je,0, + SCX) = 2Fe -f 3CO, + 8,662 cal. 

The zone in which this redaction occurs most rapidly is near the 
top of the furnace, its exact position depending on the nature of 
the ore, and its temperature varies from 600-900°. When 
the orea are porous they are more easily permeated by the carbon 
monoxide, and the reduction takes place more quickly than 
when denser ores are employed. The reduction in this upper 
zone is never quite complete, because metallic iron is itself 
oxidised when heated either in carbon dioxide or in carbon 
monoxide, free carbon being deposited in the latter case. As 
the spongy iron, still containing a small amount of oxide, descends, 
it arrives at the hotter parte of the furnace, the temperature of 
which reaches 1000° in the belly or widest section. At this 
point the reduction of the metal is completed by the solid carbon 
present, some of which is supplied by the dissociation of carbon 
monoxide', which takes place at a high temperature, with form¬ 
ation of carbon dioxide and free carbon. 1 

Below this zone is the hottest part of the furnace, end the 
materials, which were formerly in a paety state, melt completely, 
running down into the hearth, where the lighter slag floats on 
the surfaco of the heavier iron, and thus protects it from the 
oxidising action of the blast. Other important changes in the 
composition of the iron occur as the metal passes down the 
furnace. In the first place, the spongy iron, in passing through 
the zone of reduction, takes up sulphur from the ores and fuel; 
and secondly, when the temperature reaches the highest point in 
the zone of carburisation, the phosphates contained in the ore 
are reduced, and the phosphorus is taken up by the iron. At a 
still higher temperature the fused iron in the presence of carbon 
reduces the silicates to silicon; this, with manganese and other 
metals, remains as a constituent of the iron. 

It will thus be seen that three main zones may be distin¬ 
guished in the furnace. In the first and highest, the greater 
part of the reduction occurs, whilst the partially reduced mass, 
in passing through the second, acquires the high temperature 
which is necessary for the reactions occurring in the Otird and 
last zone. These comprise the complete reduction of the ore, 
1 CaiUstst, Cemj* mi., 1898, ft 8»1. 
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the carburisation and fusion of the metal, and its impregnation 
with silicon, phosphorus, etc. These various zones are, of course, 
not well defined, bat pass gradually one into the other. 

541 Gases of the Blast Furnace.—The composition of the blast 
furnace gases naturally varies in the different zones and under 
different' conditions of burden. The relation of the carbon 
dioxide to carbon monoxide present in tho blast furnace gases 
is of great interest. The monoxide is reconverted during the 
reaction into the dioxide, and this either remains unaltered or is 
reconverted by the iron into the monoxide, according to the 
temperature which prevails in the upper part of the furnace. 
Carbon dioxide also is formed near tbe top of the furaaoe by 
the calcination of tho limestone, and this is then partly reduced 
to the monoxide. The researches of Lowthian Bell and von 
Tunner have shown that the relation between the volumes of 
the escaping carbon dioxide and carbon monoxide, under other¬ 
wise similar conditions, serves as an excellent criterion of the 
economical working of the blast furnace, and the limit of 
economical working is reached when from 40 to 60 volumes of 
carbon dioxide are present for 100 volumes of carbon monoxide. 
The furnace gases contain, in addition, nitrogen of the air, hydro¬ 
gen from the reduction of aqueous vapour, hydrocarbons, and, 
frequently, traces of cyanogen or hydrogen cyanide. 

Many analyses of the blast furnace gases, collected at various 
heights above the tuyeres and in varying circumstances, have 
been made. The following figures give an idea of the varying 
nature of the composition of these gases: 


Wood Charcoal Furnace at Vcckerhagen, near Cassd, Height, 
5'97 m. (Bunsen). 


Depth In metres below the mouth—0-80 

2-69 

4 32 

Nitrogen 

62'34 

63-89 

64-68 

Carbon dioxide 

8-77 

3-60 

5-97 

Carbon monoxide 

24-20 

29-27 

26-51 

Methane . 

3-36 

1-07 

1-88 

Hydrogen 

1-33 

2-17 

1-06 


100-00 

100-00 

100-00 
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Bot-blast Coke Furnace at Saving mi Belgium. Height, 14-13 a. 
(Ebelmen). 


Depth in metre* below the month—0-30 

3-05 

13-71 

Nitrogen 

.. . 57-06 

61-67 

54-63 

Carbon dioxide 

. . 11-39 

1-08 

— 

Carbon monoxide 

. . 28-61 

35-20 

45-05 

Methane 

0-20 

033 

007 

Hydrogen . 

. . 2-74 

1-72 

025 


100-00 

100-00 

10000 

Cold-blast Coal Furnace at Al/rdon. 

Height 11 

m. {Bunsen 


and Playfair). 



Depth in metme below the month—2-52 

e-is 

10-33 

Nitrogen 

55-35 

55-49 

58-05 

Carbon dioxide 

7-77 

' 12-43 

— 

Carbon monoxide 

. . 25-97 

18-77 

37-43 

Methane 

. . 3-75 

4-31 

— 

Hydrogen . 

. . 6-73 

7-62 

3-18 

Ethylene 

. . 043 

1-38 

— 

Cyanogen . 

. . — 

— 

1-34 


100-00 

10000 

100-00 


When coal is employed in the blast furnace instead of coke, 
the waste gasee are passed through coolers and scrubbers to 
remove the valuable tar and ammonia whioh they contain, and 
are then passed on to the Cowper stove*, eto. 

During the war of 1914-1918, considerable quantities of 
potash salts were recovered from the waste gases and flue dust 
of blast furnaces and additions of common salt were made t< 
the charge in order to displace the potash contained in thi 
materials. 

An interesting substance sometimes found in the blast fornaot 
is a cyano-nitride of titanium (p. 847); and, in addition to this. 
“ Irish,” or graphite, as well as silicates and the oxides of othei 
metals, occur as solid deposits in the furnace. 

The slags produced during the smelting of iron cnee in blast 
furnaces vary considerably in appearance, properties, and.com- 
poeition, and are produced by the combination of the gangue 
and flux. The colour and appearance of the slag afford a valuable 
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indication of the working of tie furnace", With an excess of 
lime, aa is used in the manufacture of open-grained grey mm, 
the slag is difficultly fusible, and when solid is white and of low 
specific gravity. For a finer grained grey iron, a less basic slag 
is required, and this is harder, more compact, and usually of a 
grey colour with a tinge of blue or green, With a white iron, 
the slag produced is dark in colour and has a higher specific 
gravity. The chemical composition of the .slags varies widely 
with different mixtures, and consists chiefly of silica, lime, and 
alumina. The following analyses are given to indicate the wide 
differences which may be found in slags from different sources: 
slag A was obtained from a furnace making grey iron, and slag B 
from a furnace making white iron : 


Silica . . 

A . 

. . 29-81 

B 

42-23 

Alumina . . . 

. . 19-94 

9-84 

Lime .... 

. . <0-31 

37-13 

Magnesia . . •. 

. . 2-95 

1-32 

Manganous oxide . 

. ' . trace 

0-97 

Ferrous oxide . . 

. . trace 

2-60 

Calcium sulphide . 

. . 6-92 

4-32 


Varieties or Cast Iron. 

542 Molten iron usually contains 2-2-A-5 per cent, of carbon, 
and when the iron is cooled thia is either entirely, or only partly, 
retained in combination by the metal, whilst the remainder 
separates out in the form of graphite, its behaviour being deter- 
. mined by the composition of the mass, the conditions of the 
process of manufacture, and the mode of cooling. When tho 
greater part of the carbon separates in the form of graphite, 
the resulting metal is known as grey iron, whilst when the whole 
or the greater part of it is retained in combination by the iron 
the metal is known as white iron. Between these are several 
intermediate conditions classed together as mottled iron. All 
these names are derived from the appearance of a freshly fractured 
surface of the metal, the mottling characteristic of the last class 
being caused by the occurrence of spots of grey in a matrix 
of white iron. 

When white iron iB dissolved in hydrochlorio or sulphuric 
8 cid, various hydrocarbons are formed at the expense of the 
combined carbon which it contains, and these impart a peculiar 











and disagreeable odour to the hydrogen which is evolved. On 
the other hand, when grey iron is treated with acids the graphite 
separatee out in the form of black, insoluble scales. This fact 
was known to Bergman, whilst Guyton de Morveau proved that 
cast iron is formed when wrought iron is ignited with diamond 
powder; and Karsten showed that cast iron contains carbon 
both in the combined state and free in the form of graphite, 
this latter remaining behind when the iron is dissolved in an 
acid. The graphite can also be mechanically separated from 
the iron by sieving (Snelus). 

Both the total amount of carbon present and the mode in 
which it occurs depend very largely on the other substances 
contained in the crude iron, whilst these, of course, are deter¬ 
mined by the conditions of the manufacture. Thus chromium 
and manganese favour the presence of a large amount of carbon, 
which is retained in combination when the iron cools, whereas 
silicon diminishes both the total amount of carbon present and 
the proportion of it which remains in the combined form. The 
way in which the metal is cooled also has a very important 
influence on the mode of occurrence of the carbon, slow cooling 
promoting the crystallisation of graphite and the consequent 
production of grey iron, whilst sudden cooling or chilling favours 
the production of the more homogeneous white iron. It is 
therefore possible, within certain limits, to obtain either grey or 
white iron from a given mass of the fused metal, simply by altering 
the conditions of cooling. 

The following analyses of Cleveland pig 1 show the gradual 
variation in composition from grey through mottled to white 
iron: 


1 

Grey. 

Mottled. 

Wbits. 

Carbon, Graphitic . . . 

3'20 

1-84 

_ 

■ „ Combined . . 

trace 

1-25 

3-05 

Silicon. 

3-50 

1-01 

0-67 

Sulphur. 

005 

0-32 

O'40 

Phosphorus .... 

1-76 

1-57 

1-60 

Manganese .... 

fr68 

0-62 

0-42 


While Iron a formed when the furnace is working on a heavy 
1 Quoted by Turner, HetaBurft of Inn, 3rd ed., p. 280. 
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burden or at a comparatively low temperature. It is very hard 
and brittle, and when fractured presente a very close grain. 
It melta at a lower temperature than grey iron, is less liquid, 
and after cooling is often found to be vesicular or honeycombed 
from the evolution of gas given off as the metal cools. 

Grey Iron, on the other hand, is produced at a higher tempera¬ 
ture, has an open-grained fracture, melts to a thinner liquid, 
and is better adapted for fine castings than white iron. 

iiotUed Iron is intermediate in its properties between white 
and grey iron. 

Spiegel or Specular Iron is a variety of white iron in which 
manganese is present as an essential constituent, and contains 
a large proportion of carbon, varying from 3*5-6 per cent., 
practically all of which is in the combined form. It is extremely 
hard and brittle, and has a specific gravity of 7*&-7*7. When 
the alloy contains more than about 25 per cent, of manganese 
it attains a granular structure and is termed ferromanganese, 
which commonly contains 80 per cent, of manganese. These 
two materials ate largely used in the manufacture of steel by 
the Bessemer and open hearth processes as deoxidisers and 
recarburiBers. 

Some analyses of pig-irons are given on p. 1241. 

In foundry practice, castings of grey iron are made by pouring 
the molten metal into suitably prepared sand or loam moulds. 
The molten iron is obtained in the foundry by melting a mixture 
of several grades of pig-iron together with a quantity of foundry 
and other scrap in a cupola or small blast furnace, using coke as 
a fuel, and with the addition of a little limestone to flux off the 
ash of the coke and the silica adhering to the pig-iron used. 
The castings thus produced arc always somewhat brittle, and 
in the manufacture of malleable iron cartings, whioh are much 
leas brittle, the castings are first produced in white iron and then 
packed in iron ore and submitted to a long annealing process, 
during which the combined carbon is converted into finely 
graphitic or temper carbon and is also partially removed by 
oxidation from the surface. 


* 

Manufacture o? Wrought or Malleable Iron. 

543 Malleable iron can be produced, either by the direct 
reduction of the ore in such circumstances that it cannot 
take up sufficient carbon, etc., to oonvert it into cast iron, or 
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indirectly from cast iron by the removal of carbon and some of 
the-other constituents. 


(I.) Tab Direct Reduction or Mxiababu! Iron from the 
. Ores. 

544 Iron furnaces.—The simplest form of the iron furnace is 
that used on the west coast of India, as well as in the Deccan 
and Carnatic, and 'amongst the hill-tribes, The low-caste 
Hindus who work in iron wander from place to place and build 
up their simple apparatus where they find fuel and ore, this 
latter consisting generally of magnetic oxide or brown hematite. 
The furnaces are built on the ground and constructed in the form 
of a small round shaft or chimney. At the lower part there are 
two openings, one of which serves for the blast and the other 
for the exit of the slag as well as for the extraction of the bloom 
of iron. The bellows are usually made from a goat’s skin or a 
buffalo hide, furnished with bamboo tubes. As soon as the fur¬ 
nace is warmed with charcoal, layers of the broken ore and char¬ 
coal are put in the shaft, and after from 4 to 6 horns a porous 
bloom of iron is obtained, varying in weight from 6 to 30 lb., 
and this is then worked under the hammer. Throughout Central 
India and in the north-east provinces the manufacture of iron 
is somewhat further advanced, the furnaces being larger and of 
a similar character to those which have been or are still in use 
in various parts of the world, as in Africa, Borneo, and certain 
parts of Europe. In many localities in England furnaces were 
erected on high ground, so as to take advantage of the prevailing 
wind to increase the draught. The word "hammer,” which 
frequently oecurs in place-names in the south of England, usually 
marks the location of one of these old smelting works with its 
accompanying forge, 

i(ll.) Production of Mallbablb Iron prom Pig-iron. 

545 The change which occurs ill the conversion of pig-iron into 
malleable iron consists essentially in the removal of a large 
proportion of the carbon, silicon, sulphur, phosphorus, and 
manganese from the former, and is effected by oxidation in 
the presence of some substance which can unite and form a 
fusible slag with the silica and phosphorio oxide produced. 
As the removal of carbon, etc., proceeds, the melting point flf 




Analyses of Pig- 
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tie lion rises, so that at»a certain stage the metal begins to 
solidify. It is then worked into a porous ball or bloom, and 
hammered in order forcibly to squeeze'out the slag which is 
contained in the pores. 

The Puddling Proem.—In 1784 Henry Cort introduced the 
puddling process, the essential feature of which is the use of a 
reverberatoiy furnace instead of an open-hearth furnace formerly 
used for the oxidation of the constituents of the cast iron. In 
the older form of the process the oxidation was effected chiefly 
by the oxygen of the air. The process was applicable only to 
white iron, and thence necessitated a preliminary refining of the 
metal when grey iron was employed. The metal was charged 
along with a sufficient quantity of coke into an open hearth 
furnace, and there melted and exposed to the blast from six 
tuyires. When the oxidation had proceeded far enough to 
reduce the percentage of silicon to the requisite point, the tap- 
hole was opened, the iron allowed to run into moulds, and the 
cast iron cooled by water. The refined iron is highly ciystalline, 
white, and brittle, the carbon being present in the combined 
state. The following analyses by Abel of pig-iron, before and 
after refining, from Kiinigshtitte in Silesia, give the different 
percentages of silicon, phosphorus, and sulphur, and show that 
in thiB process the silicon is largely eliminated, whilst sulphur 
and phosphorus are less affected; the total amount of carbon, 
moreover, is not much altered. 


Pig-iroo. Refined Iron. 

Silicon. 4-66 0-62 

Phosphorus. 056 0-52 

Sulphur. 0 04 0-0S 


The slag obtained in this process, known as refinery-slag, 
forms, when cold, a dark, crystalline mass, with an almost 
metallic lustre. It consists chiefly of ferrous silicate, Fe,SiO t , in 
whioh, however, a part of the iron may he replaced by manganese, 
calcium, magnesium, etc. Not infrequently, distinct crystals of 
olivine, (Mg,Fe)j5i0 4 , have been found. 

The refined iron was then melted on the bed of a reverbera¬ 
tory furnace and stirred by means of iron instruments, so as to 
expose it thoroughly to the air. As soon as .the oxidation had 
been carried out to a sufficient extent, the metal was removed 
and treated as already described. 

The Modem Puddling Proem .—In England and other countries 
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where grey pig ia largely made, the preliminary process of refining - 
has been done away with, and the pig-iron is a? once submitted 
to the operation of puddling without previous refining, the 
process being termed “ pig-boiling." 

An ordinary puddling furnace is shown in elevation, section, 
and plan, in Pigs. 193, 194, 195, The bed or hearth of the 
furnace (h) is supported by a cast iron plate; at each end of 
the hearth, which is usually 6 feet long, is a wall built ol fire¬ 
brick, one end being called the fire-bridge (6), and the other 
the flue-bridge (d). The bottom and side plates of the hearth 
are lined with a coating of tap-cinder, which is heated until it 
becomes soft, and ia then spread evenly over the floor of. the 
hearth. Above thia is placed a coating or " fettling ” of ferric 
oxide of about 1$ inches in thickness, and this is renewed from 
time to time as it wears away. Neither of these coatings is 
shown in the figures. The fire-bars, which are sometimes placed 
in a slanting position, are seen at r, and the area of the grate 
should be from one-half to one-third of that of the bed. A 
powerful draught is obtained by means of a brick chimney, the 
top of which is furnished with a damper, which can be opened 
and shut at will by the workman by means of a handle, and 
thus the passage of air through the furnace regulated. In somo 
furnaces gas is employed with a Siemens regenerator; oil and 
natural gas have also been used as a source of heat. 

The distinguishing feature of the modem process consists in 
the fact that the iron is fused in contact with the oxides of iron 
whioh are present in the fettling, and with a fusible slag which 
is added to each charge. In this way the oxidation of the 
carbon, etc., is carried out mainly at the expense of the oxygen 
of the fettling, and since an equivalent amount of metallic iron 
is thus produced the loss is rendered much smaller. The time 
required for the oxidation is also greatly lessened, the whole 
operation lasting only two hours. As soon as the charge has 
been completely melted, it is well stirred, so that it is thoroughly 
exposed to the action of the fettling and of the air. It. is then 
allowed to cool somewhat, and well mixed, whilst in a pasty 
state, with the oxide of iron present. This brings about the 
oxidation of the carbon with formation of carbon monoxide, 
probably thug: 

Fe,0, + 3C = 2Fe + 3C0, 

and the escape of this gas causes the •’’-dl up or 
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“ boil.” The iron then gradually subside* a little into a porous 
mass, or aa it n termed, “ cornea to nature,” and is worked into 
balls which are removed from the furnace and hammered to get 
rid of the fusible alag and to weld the porous iron into a homo¬ 
geneous mass, this process being completed by passing the metal 
through the rolling mill. It is to this treatment that the char¬ 
acteristic fibrous structure of the wrought iron is due. 

Mechanical Paddling Process.—la order to avoid the heavy 
manual labour necessary in the ordinary puddling processes, 
revolving puddling furnaces have been invented by Danks, Roe,* 
and others. These furnaces are in use to a small extent, but 
have not been generally adopted. 

546 The following analyses made by J. G. Snelus give an 
idea of the consecutive chemical changes which take place in 
the passage from cast to wrought iron ; («) is the mottled Cleve¬ 
land iron which was puddled in the Danks revolving furnace; 
(b) a portion'token out when melted; the composition ten minutes 
later is shown by (c); after a lapse of twenty minutes by analyiss 
(d); the composition of the bloom is shown in (e); and of the 
puddled bar in (j ); C.C. stands lor combined carbon, and G.C. 
for graphite: 

Fe. C.C. G.C. Si. P, S. Mo, 
a . . 93-19 1-45 1-38 1-24 1-49 0-11 0-63 

b . . 96-03 2-83 ~ 0-82 0-91 0-09 — 

c . . 96-46 2-80 — 0-20 0-58 — — 

d . . 98-09 1-17 — 0-06 0-52 — — 

* e . . 98-40 0-15 — 0-09 0-46 — — 

/ . . 97-13 0-15 — 0-14 0-47 0-04 0-14 

It will thus be seen that the silicon is first burned out along 
with moat of the phosphorus, whilst the carbon afterwards 
disappears. 

A large proportion of the phosphorus contained in the pig is 
found in the slag or lap-cinder as phosphide and phosphate; 
the sulphur is left in the cinder as iron sulphide. The tap- 
cinder is rich in iron, and is employed, after roasting in heaps, 
as fettling, or for the manufacture of common iron. The Mowing 
analyses of tap-cinder give an idea of its composition : 

*10,. FeO. XnO. F«,O r U,O r C*0. MjJ, P.O, a AnDjrt. 

7-71 66-32 1-29 8-27 1-83 S 91 0-34 807 1-78 Riley. 

11-7# 58 67 0 67 17-00 2-84 2 88 0-20 4-27 3-11 

29-60 48-43 1-13 1711 1-38 947 0-35 1-34 1-61 Percy. 

* J. Iron Steel /net, 1906, 71, W4, 
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547 Properties of Maileabie Iron.— Good hammered and rolled 
bar-iron, when it contains from 0-1 to 0-25 per cent, of carbon, 
possesses a fibrous texture, but when the amount rises to 0-6 
or above it possesses a granular or crystalline structure. Fibrous 
iron is soft and possesses a grey colour; granular iron is harder 
and has a dead silvery lustre. The hardness of iron increases 
with the amount of carbon. Malleable iron melts at from 
1,800° to 1,400°, 1 according to the amount of carbon which it 
contains. The physical properties of commercial malleable iron 
vary widely, being largely influenced by tho nature and amount 
of the impurities which the iron contains; thus, for instance, 
sulphur imparts to iron the property of becoming brittle when 
hot, or, as it is technically termed, “ red-short,” whilst phosphorus 
renders iron weak at the ordinary temperature, when the iron is 
said to be “cold-short.” Cold-short iron exhibits a peculiar 
fracture, and the property of cold-shortness apparently depends 
upon a peculiar crystalline condition of the iron. 

Malleable iron of good quality should have a minimum tensile 
strength of '22 to 26 tons per square inch with the grain, and 18 
to 20 tons per square inch across the grain; it should show an 
elongation of 18 to 25 per cent, on eight inches, and should bend 
double without fracture. 

(III.) The Manufacture of Steel. 

548 Steel was obtained in early times directly from tbc ore 
in a similar manner to that used for the manufacture of malleable 
iron. The Chalybes on the coast of the Black Sea were renowntd 
for their ability in working the iron ores into steel, and the Greek 
name for steel, \d\utfr, appears to have been derived from the 
name of this tribe. 

The older chemists looked upon steel as a peculiarly pure 
form of iron, and “ Basil Valentino,” in his Last Testament, terms 
it the “ hardest, purest, raoBt malleable iron.” Lemery held 
peculiar views respecting steel. In his Court de Chymie, pub¬ 
lished in 1675, he says: “ Le fer eat. un m4tal fort poreaux, com- 
pos 6 de scl vitriolique, de soufre et de terre mal li 6 et dig6r4 
ensemble. On le r4duit en acier par Ie moyen des comes ou des 
ongles d'animaux, avec,lesquelles on le stratifie et ensuite on le 
calcine; ces matifaag contenant beaucoup de eel volatile qui est 
alcali, tuent les aoides de fer qui tenoient ses pores ou verts, et 
le rendent plus compacte.” 

1 Carpenter and K eeli n g, J. Irm Slai lmi, 1904,86, 232. 
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Stahl considered iron to be an impurj metal containing earthy 
materials, whilst steel was the pure metal saturated with phlo¬ 
giston. Similar views were held by the later chemists. Berg¬ 
man was the first to distinguish chemically between wrought 
iron, steel, and cast iron. He found that the first when dissolved 
in acids yielded the largest quantity of inflammable air, steel 
somewhat less, whilst cast iron gave the smallest quantity; 
hence he concluded that, steel contained less phlogiston than 
wrought iron. He also showed that cast iron contained more 
graphite than steel, and this more than wrought iron, and hence 
he concluded that cast iron was converted into steel by loss of 
graphite and by absorption of phlogiston, whilst he supposed 
that when steel was produced from wrought iron the opposite 
reactions occurred. Rinmann in 1783 developed similar views, 
and he especially insisted that malleable iron was a perfect 
metal, and was converted into steel by absorption of phlogiston, 
but that this phlogiston was not the substance usually thus 
designated, but plumbago. In 1786 Monge, Vandermonde, and 
Berthollet published a research proving that the difference 
between the various hinds of iron is determined mainly by the 
variation in the amount of carbon which they contain, but the 
many doubtful points which remained were cleared up only by 
the comprehensive researches of Karsten and Sefstrom. 1 

As already explained (p. 1223), the amount of carbon present 
has now been found not to provide a convenient distinction 
between malleable iron and steel, since specimens of these may 
contain the same amount of carbon and yet possess very different 
properties, owing to different internal structures. 

Steel can be made in a very large number of different ways, 
the principles of which may be roughly summarised thus: 

a. Directly from the ore. 

b. From malleable iron. 

1. By the direct addition of carbon, accompanied or followed 

by fusion. 

2. By fusion accompanied by the addition of more highly 

carburised metal. 

C. From pig-iron. 

1. By the removal of carbon and other impurities. 

2. By the addition of a less highly c&rhnrised metal, such 

as malleable iron. 

' Percy, Iron and Sled, p. 116. 
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Many of the processes actually adopted involve two or more 
of these methods, and the number of different processes now 
employed is very large, but only two or three of the most important 
and typical methods are here described. 

549 The Cementation Process .—Seventy years ago the only 
method by which steel could be made was the decarhurisation of 
the cast iron in the puddling furnace, and the subsequent re- 
carburisation of the puddled bar by the cementation process. 
The product was then either fused in a crucible, yielding cast 
steel, or drawn out under the hammer, whereby tilt steel or 
shear steel was obtained. 

The cementation method of preparing cast steel is mentioned 



by Agricola in his De Re MetaUica, whilst that for hammered 
or tilt steel was firet described by Reaumur in 1722. 

In the manufacture of steel by the cementation process carbon 
is added to the otherwise pure wrought iron, This is carried 
on in the furnace shown in Figs. 196 and 197. Into the furnace 
are built two square boxes or " converting pots,” c, c, Fig. 197, 
of infusible fire-brick; and in these are placed the bars of iron 
which are to be converted into steel. The flames from a fire 
placed in the hearth (j) play round these boxes. The iron which 
has to be converted into steel is usually in the form of straight 
bare about 3 inches broad, and 0-75 inch thick, which are some¬ 
what shorter than the converting pot in which they are placed. 
The interstices between the bars when piled in the pot are filled 
up with powdered charcoal, technically termed ‘‘cementing 













powder,” a thick layer of the charcoal being placed on the top 
of the bars, and the whole mass plastered over with grinders' 
waste. The total weight of iron contained in each box is from 
five to six tons. The fire is gradually raised to a full red heat, 
1000-1100°, and is maintained at this point for about seven 
to ten days, according to the quality of steel which is needed. 
Spring steel requires seven days, shear steel eight days, and steel 
for welding from nine to ten days. During the operation trial 
bare are removed by the openings (c) from the ends of the chests, 
and when it is found that the har-iron has been completely 
converted into steel the furnace is allowed to cool, and after several 
days the charge is removed. The steel bars thus obtained retain 
the form of the original iron, but in physical properties they differ 
considerably from the original Thus the ooloured surface of 
the fractured bar of steel has no longer the bluish tint of malleable 
iron, but has acquired a reddish tint, not very different from that 
of bismuth, and the texture has become distinctly crystalline. 
The steel is also much more fusible than malleable iron, a varying 
amount of carbon having been taken up. 

The following is an analysis by David Forbes of cementation 
steel made at Sheffield from Swedish iron: 

Combined Gmpbitio 

Carbon. Carbon. Silioon. Sulphur. Phonphonu. Manganeao. 

0627 0-102 0-030 0-005 0-000 0-120. 

A remarkable alteration of the surface is likewise noticed in 
the passage of wrought iron into steel, it being covered with 
blisters, and hence it is termed blister sted. The formation 
of these blisters is undoubtedly due to the production of gas 
within the bar, the gas resulting from tbe combination of a 
part of the carbon with oxygen derived from the particles of oxide 
of iron contained in the slag in the interior of the bar. The bars 
are finally cut up, sorted according to their quality aa indicated 
by the fracture, melted in crucibles, and finally cast in ingots. 

Various hypotheses have been proposed to account for the 
phenomena observed in the cementation process. According 
to one view, the carbon is absorbed from the exterior and passes 
to the interior of the bar partly from the solid carbon, partly 
from the carbon monoxide formed by its partial combustion, 
and partly from the hydrocarbons derived from the hydrogen 
contained in the charcoaL The probability of the view that the 
carbon monoxide is the afctive agent is strengthened by the 




fact observed by Graham, that red-hot iron has the power of 
absorbing from^eight to tin time* its volume of this gas. 

It also appears probable that the carburisation of the iron 
may be due in part, if not altogether, to the formation of carbide 
of iron (Fe,C) and to an actual diffusion of this into the bars. 
This phenomenon would then be analogous to the inter-diffusion 
of metals in the solid state which has been described by Roberts- 
Austen (p. 96). 

550 Crucible Steel .—The cast steel made by melting cemented 
bare in a crucible is of excellent quality, and is employed for the 
best classes of cutlery. Many other qualities of steel may also 
be obtained by the use of crucibles as already indicated; iron 
of various qualities being melted with carburising materials, 
or with iron of a different carbon content. 

In other eases malleable iron is melted with charcoal, or 
with cast iron. In all cases the molten metal cannot be imme¬ 
diately poured into the ingot mould, as the castings produced 
would then be full of vesicles. It is therefore allowed to remain 
in tranquil fusion for some time before pouring, or ierro-alu- 
minium is added, and the metal at once poured. The castings 
arc then found to be sound and free from vesicles. 

551 Bessemer Steel Process .—Sinoe the year 1866 a complete 
revolution baa taken place in the iron industry, and this has 
been caused mainly by the discovery of a method for manu¬ 
facturing cast steel, on the large scale, from cast iron. This 
discovery was made by Bessemer , 1 and first communicated in 
a paper read before the Mechanics Section of the British Associa¬ 
tion, at its Cheltenham meeting, in 1856, and entitled “ The 
Manufacture of Malleable Iron and Steel Without Fuel.” The 
process consists in removing the carbon, silicon, and man¬ 
ganese contained in pig-iron by oxidising them by means of a 
blast of air blown through the molten metal, the heat evolved 
by the oxidation being sufficient to keep the whole in a liquid 
state until the pig-iron is converted into steel, which is thus 
effected without the intermediate laborious and costly processes 
of puddling and cementation. The firet experiments which 
were made were unsuccessful, for although by this process the 
carbon and silicon can be removed, the phosphorus and sulphur 
which are contained in' the pig femain in the finished steel, 
and for this reason the ordinary impure English pig-iron yielded 
unsatisfactory results. The case, however, was otherwise when 

> Brit. Pueat, Dm. 7, lUfi. No. 17S8. 




the pure Swedish charcoal-pig was us?d; indeed, the firet real 
success in working the process was achieved with this iron'at 
the Hogbo Ironworks, at Sanviken, and this was followed by the 
successful use of grey iron made from the Ulverston hematite, 
and now technically known as Bessemer-pig. Other difficulties 
then arose such as the too complete oxidation, when the whole 
of the carbon is burnt out, a mass of pasty wrought iron being 
produced instead of liquid steel. This was overcome by the 
important suggestion made by Mushet 1 of the addition of 
spiegel at the end of the operation in such quantity as is necessary 
for the conversion of the whole of the wrought iron into steel. 

The oxidation is carried on in an egg-shaped vessel, termed 
the converter (Figs. 198-9), made of wrought iron plates bolted 
irmly together and lined with an infusi ble siliceous rock termed 
ganister, which is ground, moistened with water, and applied to 
the interior. The lower portion is an interchangeable bottom, 
consisting of a shallow lower section of the yessel with tuyfre-box 
or wind-box and tuyeres, together with the necessary arrange¬ 
ments for fixing these in their places. This bottom is attached 
to the vessel in such a manner that the narrow space between it 
and the vessel lining may be rammed with plastic ganister by 
men working outside the vessel, and this joint can be easily 
made at once upon pulling away the old bottom. This arrange¬ 
ment is of great advantage, inasmuch as by its use the number 
of blowB per diem can be considerably increased. The pig-iron, 
which must be free from phosphorus and sulphur, is firet melted 
in a cupola, and from five to twelve tons of this are run into the 
converter, either directly from the cupola or from an intermediate 
ladle, the mouth of the converter being lowered to the proper 
angle to receive the molten metal. The converter is then gradu¬ 
ally raised to the vertical position; at the same time a moderato 
blast of air is forced through the tuyeres by means of the pipes 
L, n, and d, the pressure of the blast being afterwards raised to 
from eighteen to twenty pounds per square inch. 

The combustion of the silicon, manganese, and carbon, as also 
of a portion of the iron, then begins, and the temperature rises to 
a point sufficiently high to keep the metal liquid. In the firet 
part of the blow the graphite is converted into combined carbon, 
and a highly siliceous slag is formed, a portion of the silica being 
derived from the lining. "When the firet period is complete, an 
orange-yellow flame edged with blue appears at the mouth of 
■ Brit, P»t*nt, Sept. 22, ISM. 
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the converter, and the second period,, termed the ** boil,” then 
begins. In this, the slag containing oxide of iron oxidises the 
carbon, with formation of carbon monoxide which escapes 
throughout the mass, giving to it the appearance of a boiling 
liquid. During this period particles of the slag and molten iron 
are thrown out from the mouth of the converter, and a very 
brightly luminous, flickering flame makes its appearance, accom¬ 
panied by a rapid stream of sparks due to the combustion of'the 
particles of iron. After the lapse of from six to eight minutes 
the intensity of the action diminishes, the shower of sparks ceases, 
and suddenly the flame disappears and is said to drop. The 
whole of th,e carbon has now been oxidised, and, if the blast be 
left on, the combustion is continued at tbe expense of a portion 
of the iron. Hence, the force of the blast is now lessened, the 
converter inclined, then the blaet stopped, and the requisite 
amount of spiegel or ferromanganese introduced to bring the steel 
to the requisite degree of carburisation. The blast is then turned 
on again for a few seconds, or the mixture is simply allowed to 
Htand for a short time, and the whole mass poured out into the 
ladle. After standing for a few minutes in the ladle, the fluid 
steel is cast into ingot moulds, and the cast steel worked up 
under the hammer and in the rolling mill. The whole process 
lasts from twenty to thirty minutes, and in this time from five 
to twelve tons of iron arc converted into steel. 

553 The chemical changes which the pig iron undergoes in 
tho various stages of the Bessemer process, as well as the com¬ 
position of the slags obtained, are tabulated below. 

(a) Composition of the pig-iron used (3,517 kilos,). (6) After 
the first period of twenty-eight minute*’ blow. ( c ) After tbe 
second period of seven minutes’ blow, (d) After the third period 
of three minutes’ blow, (e) Finished steel (3,058 kilos.) after the 
addition of 168 kilos, of spiegel. 


Composition of Bessemer Metal. 



fl. 

5. 

c. 

rf. 

f. 

Graphite .... 

3*180 

— 

— 

— 

— 

Combined carbon 

0-780 

2-465 

0-900 

0-087 

0*234 

Silicon .... 

1-860 

0-443 

0*11* 

0028 

0*033 

Phosphorus • • • 

0-040 

0*040 

0-045 

0-045 

0 044 

Sulphur .... 

0*018 

traoo 

trace 

traoe 

trace 

Mundane** . . , 

3*460 

1*645 

0-429 

0*113 

0-139 

Copper .... 

0-085 

0*091 

0-095 

0120 

0-105 

Iron ..... 

90*507 

95*316 

96-370 

99*007 

99-445 
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Composition of Bessemer Slag. 



a. 

4. 

c. 

d. 

e. 

Silica. 

40-85 

46-78 

81-75 

48-76 

47-28 

Alumina .... 

8-70 

4-65 

2-8S 

2-80 

346 

Item oxide . . 

0-60 

6-78 

5-50 

16-86 

1543 

Manganous oxide . 

2-18 

37-00 

37-90 

82-28 

31-89 

time . 

30-36 

2-38 

1-79 

1-19 

1-23 

Magneaia .... 

18-32 

1-53 

0-45 

0-S2 

0-61 

Polaab .... 

0-18 

true 

traoc 

trace 

trace 

Soda. 

0-14 

true 

tra<* 

trace 

trace 

Snlpiur .... 

0-34 

0 04 

traco 

true 

trace 

Phojpbonu . . . 

0-01 

0-03 

0-02 

001 

0-01 


Converter Gates .—Snelus has investigated the composition of 
the gases issuing from the converter. When the charge lasted 
eighteen minutes he found the following results on analysis of 
the gases drawn out at the times after the commencement of 
the blow given in minutes in the first horizontal line : 



2. 

4. 

e. 

10. 

12. 

14. 

CO,. . . 

10-71 

8-59 

e'-20 

3-68 

230 

1-3 

o . . 

0-92 

— 

— 

— 

— 

— 

CO . . . 

— 

3-95 

4-62 

1969 

29-30 

31 11 

11 ... 1 

| 88-37 

f 0-88 

2-00 

200 

2 16 

2-00 

N . , . J 

186-58 

85-28 

74-83 

66-24 

68-56 


Elimination of Pkosphonit .—It was at first supposed that 
the non-elimination of phosphorus in the Bessemer process was 
due to the high temperature, and that if the process could be 
conducted at a lower temperature, as in puddling, all the phos¬ 
phorus would be found in the slag. Messrs. Thomas and Gilchrist 1 
and Snelus have, however, proved that it is possible to eliminate 
phosphorus completely in the Bessemer process by using a 
basic lining of calcined dolomite for the converter instead of 
the usual siliceous one, phosphate of lime and magnesia being 
produced. This is known as the “ basic ” process, and is now 
largely in ubb in the case of phosphoric pig; it constitutes one 
of the most important advances in metallurgy, since it renders 
possible the direct production of steel from ordinary pig-iron, 
such as Cleveland pig, which contains comparatively large 
quantities of phosphorus. 

The process is carried out in the main like .the ordinary Bes¬ 
semer process, but differs from it in one or two points. A 
certain amount of lime is placed in the converter and heated by 
the combustion of a small quantity of coke before the molten 
•J.IrmStetllnH., 1879, 120. 










pig is run in. The blow is then condutted in the ordinary way, 
but when the flame has dropped the blow is continued, and it is 
in this “ after blow ” that the phosphorus is chiefly removed. 
This is well shown in the following table, which gives the results 
of a ” blow ” by the basic process: (a) gives the composition 
of the Cleveland pig, (6) after five minutes’ blow, (c) after'ten 
minutes, (i) after fifteen minutes, (e) after eighteen minutes. 
As soon as the phosphorus has been removed, a point which is 
indicated by the appearance of the fracture of a small sample 
of the metal, the process is concluded in the usual way by the 
addition of spiegel or ferromanganese. The slag, which con¬ 
tains the whole of the phosphorus in the form of phosphate, is 
ground and sold as a valuable manure. 



a. 

b. 

c. 

rf. 

t. 

Carbon .... 

360 

3-58 

2-35 

0'07 

trace 

Silicon ... . . 

1-10 

0*80 

000 

trace 

0-00 

Manganese ... 

0-71 

O'M 

0-27 

0-12 

trace 

Phosphorus , . . 

1-57 

1-60 

1-43 

1-22 

0-08 

Sulphur .... 

0-18 

0-14 

013 

0-12 

010 


Application of the Spectroscope to the. Examination of the Bes¬ 
semer Flame .—It has already been stated that the point at which 
the flame drops is that at which it is found by practice to be 
necessary to stop the blaat, but it is not always easy to hit this 
point with accuracy; and if the blow be stopped a few seconds 
too soon, or carried on for a few seconds too long the quality of 
the resulting steel suffers. The application of the spectroscope 
to the determination of this point was made by Roscoe in 18G3, 1 
and has since been investigated by Watts, Lielegg, Snelus, 
Hartley, 8 and otbere. 

The spectroscope is more extensively used on the Continent 
than in this country for the examination of converter flames; 9 
and in Belgian and Swedish foundries is used to oontrol the blow 
in operations in which the whole of the carbon is not eliminated 
but the air blast is stopped while the metal still contains 0-4 to 
0-6 per cent, of carbon. At the beginning of the blow the 
Spectrum is continuous and indefinite. With the faint, appearance 
of the flame the characteristic yellow line of sodium is seen, and 
for a short period this line is very faint ind appears in flashes. 
As the flame and temperature rise, the spectrum lines become 


■ Pm. Month. PM. Sot-. 1*82-3,8, S7. 

• J. iron Sltd hut !* 1898,48,9*; »Uo 1901,80, 197. 
Campbell. TUBnpnur, 1921,188,137. 
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mote complex, the line epectmm of thallium and lithium and the 
banded spectrum of many other metals may be observed, but 
they are not of any particular value for the control of the blow. 
The principal lines to be noted are those of carbon, which appear 
bright green. They are faint at first, but gradually as the flame 
risds they become brighter and more distinct, until, with the 
falling of the flame, they diminish in number and fade completely 
away with the final drop of the flame. 

553 Open-hearth Proeeua .—In these methods a reverbera¬ 
tory furnace is used, such as that shown in section in Fig. 200, 
which represents a 12-ton Siemens regenerative steel furnace. 
The furnace works on the regenerative system exactly as described 
on page 696; cc' and dd' are the chambers used for absorbing 
the waste heat of the furnace and for heating the gas and air; 
k is the hearth of the furnace, made of infusible siliceous material 
in the acid process and of dolomite in the baeic process, the latter 
being used when the pig-iron contains phosphorus. 

In the simple Siemens process a charge of pig-iron, together 
with scrap iron or steel when available, is put on the hearth of 
the furnace and melted. Whon the charge is fused, iron ore 
in the form of hsmatita is added from time to time. A violent 
reaction takes place on the addition of the ore, slag first being 
formed by the oxidation of the silicon present to silica, which 
combines with ferrous oxide from the ore. 

After the silicon has been oxidised and removed, the metal 
“ comes to the boil,” the carbon present being oxidised by tho 
basic ferrous slag, carbon monoxide being evolved and a certain 
amount of iron liberated. The end of the process is determined 
by the quality of steel required, and is tested by taking out a 
small sample and judging by the fracture obtained. 

When the process is finished, the metal is tapped and a 
small amount of ferromanganese added to deoxidise and re- 
oarburise it. 

Instead of charging the furnace with pig-iron, liquid metal 1 
is sometimes used direot from the blast furnaces or from laTge 
gas-fired containers or metal mixers, as this considerably shortens 
the time necessary to work oS a charge. 

In the basic open-hsarth process, employed for making steel 
from phosphoric pig-irons, a certain amount of lime and lime¬ 
stone is charged in with the pig, ore, and Bcrap; further quantities 

1 " Tho Cr d Fluid Metal in the Open-health Furnace," Riley, J. Inn Sled 
W. 1900, 67, 22. 
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are added dining the wftldng, to keep the slag basic, the final 
slag containing from 40 to 80 pet cent, of lime. 

554 Tilting Furnace /.—Tilting furnaces 1 have been intro¬ 
duced to overcome the difficulties of tapping largo charges 
from the furnaces. Of these the Wellman rolling-furnace is an 
example, in which the furnace is a strong eteel shell lined with 
silica bricks. Underneath the body of the foresee are two curved 
rockers which roll on strong Bteel standards with horizontal 
surfaces. When pouring off slag or steel, the furnace is rocked 
forward by means of two hydraulic cylinders mounted on trun¬ 
nions at their lower ends, and having the upper ends of their 
piston-rods attached to the ponring side. ' 

Many modifications of the open-hearth process are now in 
use. Among these may be mentioned the Bertrand-Thiel * pro¬ 
cess, in which two or more furnaces are used to complete the 
operation. As generally practised, two open-hearth furnaces 
are used, preferably placed at different levels, so that the metal 
can easily be transferred from one to the other. Both furnaces 
are basic-lined. The pig is charged into the first furnace and is 
worked in the usual way; the scrap to be used is charged into 
the Becond furnace and is heated up and oxidised; the molten 
steel from the first furnace is then run into the second, where a 
vigorous reaction takes place, the non-metals being rapidly 
eliminated. By this process the time needed for working off a 
charge is considerably shortened and the yield materially 
increased, especially when large tilting furnaces and molten 
iron are used. 

Another important modification is the Talbot process* for 
which large basic-lined tilting furnaces are used, which have a 
capaoity of 60 to 75 tons, The week’s ren iB commenced on 
Sunday evening with a charge of pig and scrap, the chaTge being 
worked down to steel in the usual way with ore and lime. When 
this metal is of the required quality, about one-third of the charge 
is poured off, the furnace is turned back, and a considerable 
quantity of oxide of iron is added to the slag. When this is 
thoroughly melted, a charge of molten pig-iron is run in to 
replace the amount tapped out. A vigorous reaction at once 
takes place between thft oxide of iron in the slag and the non- 

■ Heed, J. Inn Strdlul., 16J9,5S,69. 

» Bertrand. 1897, CL 11S. 

• * The Open-hMith Continuous Steel Prooete," Tslbot, J, Iron Slul f nit., 
1900, 57,53. 




metals present in the iron, with a great elevation of temperature, 
so that during this reaction the gas-supply employed for heati/ig 
the furnace is cut off. After the metal has “ boiled ” for ten or 
fifteen minutes, the slag is partly poured off and the bath finished 
off with additions of ore and lime. About one-third of the 
■charge is again run off and the process is repeated as before, until 
the end of the week, when the furnace is emptied for repaijs. 
The chief advantages claimed for this process are a saving in 
fuel; an increase in output and yield, and a saving in charges 
for labour and furnace repairs. 

555 Electric furnaces aie being used to a considerable extent 
in the production of high-class carbon and special steels from 
cold scrap, and also in the refining of steel from open-hearth 
furnaces and Bessemer converters in order to improve its quality. 
Three types of furnace are used: (1) The Induction Furnace, 
(2) The Resistance and Arc Resistance Furnace, and (3) The 
Arc Furnace. 

556 The ordinary Bessemer ingots are frequently found to be 
honeycombed and unsound from the presence of blowholes, and 
the same thing is found in all large steel castings. These blow¬ 
holes are small cavities or bubbles distributed throughout the 
metal, and vary in sue from visible holes to microscopic cavities. 
Many suggestions have been made for the prevention of blow¬ 
holes, and one process largely used consists in exposing the 
molten steel during its solidification to enormous pressure by 
means of hydraulic machinery . 1 Casting under pressure was 
first attempted by Bessemer in 1856, but was reintroduced and 
rendered practicable by Whitworth in 1865. 

For the production of sound castings and the elimination 
of blowholes, silicon and aluminium are often added to the 
molten steel, the silicon as ferro-silicon and the aluminium as 
metal; very little aluminium is required for the purpose, and 
in the finished steel generally only a trace can be fonnd. 

557 Properties of Sled .—The moat characteristic property of 
high carbon steel is its power of assuming an almost adamantine 
hardness when quickly cooled, as when plungdd into water. 
After this treatment it is extremely brittle, almost perfectly 
elastic, and so hard that it cannot be attacked by a file. The 
hardness and brittleness may be practically removed by anneal¬ 
ing, that is to say, heating the steel to a high temperature and 
then allowing it to cool slowly, It may also be partially removed 

‘ Cspreo, J. Ire* SluU-t., 1906, 90, 28. 
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by a process of tempering which consists in heating the_stee 
moderately and then allowing it to cool. The temper of stee 
depends upon the heat to whioh the steelis raised, and the work 
man judges as to the temperature by observing the various coloun 
which the surface of the metal assumes during the progress o 
the operation. The tints thus observed are the colours of this 
plates caused by the different thicknesses of the oxide formed oi 
the surface. When the requisite tint is reached the object ii 
quickly cooled by being plunged into water, brine, oil, etc. Tht 
hardest temper, such as is required for steel for surgical instru 
meats, lancets, and rasors, is that obtained at the lowest tempera 
ture; the tint employed for this purpose is that first reached 
and is a light-straw colour, the temperature being about 230° 
At 205°, a brownish-yellow tint is attained, and steel thus temperec 
is best fitted for cold chisels and shears for cutting metals. Al 
265°, the first shade of purple shows itself, and this is thetempei 
employed for axes, plane-irons, and similar tools. A tempera 
ture of 277° gives a purple which is the tint for cutlery and cloth- 
shears, and for swords and watch-springs the metal is codec 
when it has a bright blue colour, corresponding to a temperature 
of 288°, At higher temperatures, from 290° to 316°, steel assume; 
a dark blue colour, and is used for shears, chisels, and especially 
for large saws. 1 

Damascening is produced by repeatedly welding, drawing out 
and doubling up a bar oompoeed of a mixture of steel and iron 
the surface of whioh is afterwards treated with an acid. The 
surface of the iron retains its metallic lustre under the actior 
of the acid, whilst that of the steel is left with a black, firmly 
attached coating of carbon. 

Case hardening is effected by more highly carburising the 
surface of mild steel. Objects of mild steel are heated together 
with nitrogenous organic matter such as powdered charcoal, 
bone-dust, leather, etc., or potassium ferrocyanide, and thus a 
superficial coating of more highly carburised steel is given to 
them. 

The Harvey process is of a similar character, and is applied 
to amour plates in order to give them a hard surface capable 
of offering resistance to a modem projectile. This process ie 
carried out by heating the plate of mild steel or nickel steel to 

1 8m also Report oj On LaOn Tods RaeanA Committee of On J/aacAukr 
Association cf Engineers; poblithad by tbe Department of Scientific sod 
Industrial Bcaearcb, 1922. 
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about the melting point of cast iron in contact with carbonaceous 
material, which is tightly rammed down upon its surface. When 
the surface of the plate has absorbed about 1 per cent, of extra 
carbon the plate is withdrawn from the heating chamber and 
quenched with cold water. 

Manganese steel is very tough and is largely used fur the 
jaws of rock breakers and other mining and mechanical machinery. 
Nickel is added to increase the tenacity and elastic limit, without 
reducing the ductility. Chromium increases the hardness, 
whilst tungsten and molybdenum prevent the softening effect 
of the rise of temperature of the tool. 

The following tables give analyses (by Lambert) of various 
modern steels. 


---'—- 

Carbon. 


Ptio*- 

phoru*. 

Bolphar. 

Oof>j»r j 

Mild steel for structural work 

0-247 

0-474 0-063 

0-062 

0 049 

0034 ! 

Stool boiler pinto. 

0-208 

0 534 0-088 

0 047 
0-074 

0-048 

0-026 

Steol rail, Indian Oovemraout 

0-420 

0-866 0-U8G 

0-060 

0-049 

Stool tyro, N. B. Kailway . . . 

Stool axle, British speoiftoation . 
Coating for hydraulic proas . . 

Coating for ahip'a stem frame 

Gnn stool, British. 

0-534 

0-902 0-248 

0-046 

0054 

0-0*8 

0-320 

0-756 0-186 

0-038 

00*6 

0061 

0-415 

0-806 0-310 

0-072 

0-060 

— 

0-393 

0-730 0-164 

0-055 

0048 

traces 

0-385 

0-648 0-182 

0-036 

0-035 

0-029 

Forgod abaft for ahip’s propeller . 
Double shear stool. 

0 345 

0-655 0-098 

0-040 

0 042 

0-056 

0-008 

0-107 0-055 

0012 

0018 

— 

Spring stool, laminated, carriage . 
Tool stool for hoevy work . . . 

0-445 

0-732 0044 

0036 

0-032 

0-045 

0-750 

0-408 0-238 

0021 

0018 

0-022 

Stool for swords, outlaaaoa, etc. . 

0-980 

0-265 0-124 

0-017 

0020 

— 

Dio stool for striking coins . . 

1-085 

0-264 0-133 

0-011 

noo# 

traces 

Tool steol for light work . . . 
Cut stool for razors, surgical in- 

1274 

0 262 0-148 

1 

0018 

0012 

— 

itraments, oto. ..... 

1-445 

0-305 0-112 

0014 

0-016 

tracoa 



Carbon. 

KUz 

gUXM*. 

gill can. 

Pho»- 

yttuim. 

Sulphur. 

Sporkl 

JKomsnt. 

Hod Hold's manganese stool 

0 875 

13-330 

0-068 

0-030 

0-047 


Ordnance a tool , . . 

0-330 

0-000 

0-106 

0-029 

0-038 

Ni, 3-94 

Chrome projectile stool . 

Holf-hamemng tool steel , 
American eelMsardenmg 

0-807 

0-505 

0-248 

0-012 

0055 

Cr, 6-74 
W, 9-87 

0-850 

0-190 

0-808 

traces 

0-042 

tool stool .... 

0-685 

traces 

0-034 

0-009 

0-014 

Mo, 9-18 

High speed steel . . . 

0-812 

0-288 

0-214 

0-012 

0-01»{ 

W, 18-21 
Cr, 3-88 


55 8 Becalescence of Steel .—When ordinary steels, containing 
varying amounts of carbon, are allowed to cool from a tempera¬ 
ture of about 1000°, it is found that at two or more temperatures 









the regularity of the cooling is interrupted, an evolution of heat 
taking place which prolongs the period required for the metal 
to cool through a given range of temperature, This phenomenon 
is known as recalescence, and the temperatures at which the 
retardation during cooling t&kea place are indicated by Ar s , Ar„ 
and Ar t ; as these changes are reversible, there is a retardation 
of the rate of heating on raising the temperature of the steels, 
and the temperatures at which this retardation takes place are 
indicated by Ac„ Ac,, and Ac,. These changes do not generally 
take place at the same temperature, the Ac point often being 30° 
higher than the corresponding Ar point. 

The Ar, change 1 is found only in steels containing not more 
than 0-38 per cent, of carbon, and varies from 900° in pure iron 
to 770° in a steel of this composition; the Ar, change takes 
place at about 770°; and the Ar, change takes place at about 
690°. These changes are not equally well marked in all varieties 
of steel. The Ar, change is the most pronounced and can some¬ 
times be observed by the naked eye when cooling down large 
masses; it can also be rendered evident by allowing a heated bar 
of steel to cool when loaded with a weight juat insufficient to 
bend it when hot. When the iron reaches the temperature of 
recalescence, it is seen suddenly to bend. 

559 Constitution of Steel.—Many different views are held by 
chemists as to the constitution of Bteel, and the cause of hardening 
and of recalescence. All agree in regarding the Ar, change as 
due to the separation of carbide of iron, Fe,C. All carbon steels 
which are slowly cooled from above this temperature (700°) 
contain the greater portion of the carbon in the form of this 
carbide, whilst steel which is suddenly cooled from a higher 
temperature contains scarcely any of it in the free state. * 

According to one view (the " Allotropic ”),* the two changes 
Ar, and Ar, mark the occurrence of allotropic changes in the 
iron present; the metal being supposed capable of existing in 
three allotropic forms, as 7 -iron above Ar,, as /9-iron between 
Ar, and Ar,, and as a-iron below Ar,; of these varieties, 7 - and 
, 8 -irons are non-magnetic (see p. 1217). When heated steel is 
suddenly cooled, the 7 - or /9-fonn persists and the result is a 
hard and brittle metal; if the temperature be allowed to fail 
below Ar„ the o-form is produced, and a soft metal is the result. 
In the absence of carbon, the ( 8 -form invariably passes into 

1 Carpenter and Keeling, J. Iron Slut In*t, 1901. 6$, 224. 

1 See Stanefield, Hid., 1699, M, 109; 1900, St, »17. 
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about the melting point of cast iron in contact with carbonaceous 
materia], which is tightly rammed down upon its surface. When 
the surface of the plate has absorbed about 1 per cent, of extra 
carbon the plate is withdrawn from the heating chamber and 
quenched with cold water. 

Manganese steel is very tough and is largely used for the 
jaws of rock breakers and other mining and mechanical machinery. 
Nickel is added to increase the tenacity and elastic limit, without 
reducing the ductility. Chromium increases the hardness, 
whilst tungsten and molybdenum prevent the softening effect 
of the rise of temperature of the tool. 

The follotpng tables give analyses (by Lambert) of various 
modern steels. 



Caitooa. 

SJUcco. 

sumo. 

Plies- 

Chores.. 

I 

Sdlptar. 

Oopftr.j 

Mild steel for structural work 

0-247 1 

0-470 0-063 

' 0-052 | 

0049 

0-054 

Stool boiler plate. 

(1-204 

0-534 0-088 

0-047 1 

0-048 

0025J 

Stool rail, Indian Govomoiont 

0-420 

0-880 0-085 

0 074 

0-068 

0-049 

Stool tyro, N, B. Railway . . . 

Stool axle, British specification . 
Casting lor hydraulic press . . 

Casting (or ehip'a item frame 

Gun stool, British. 

,0-534 

0-002 0-248 

0-045 

0-054 

04)38 

0-320 

I 

1 

0 038 

0-036 

04151 

0 415 , 

0-805 0-310 

0-072 

0-080 


0-393 

0-730 0-164 

0-055 

0-048 

traces 

0-385 

0-848 0-182 10-038 

0-035 

0 020 

Fotgod shaft for ship's propeller . 

Double shear steel. 

Spring steel. laminated, carriage . 
Tool steel for heavy work . . . 

0-345 

0-655 0-096 

0-040 

0-042 

0-055 

0-008 

0-107 0-055 

.0-012 

0-018 

— 

0-545 

0-732 0-044 

■ 0-036 

0-032 

04)46 

0-750 

0-408 0-238 

0-021 I 

0-018 

0-022 

Steel for swords. outlosMB, eto. . 

0-080 

0-255 0-124 

0-017 1 

0-020 

— 

Die stool for striking coins . . 

1-088 

0-284 ! 0 133 

0 011 1 

0-009 

traces 

Tool steel for light work . . . 
Cast steel for razors, surgical in- 

1-274 

0-252 | 0-148 

0-018 

04)12 

— 

Btruments, etc. 

1-446 

0-305 0112 

0014 

0016 

traces 



Gwbca. 

Kaa- 

gsassa 

SIUCML. 

Phot- 

phoroi. 

Sulphur. 

Bptrlal 

Sfemtbtu 

Hadfiold's manganese stool 

0-875 

13-330 

0-068 

0-030 

0-047 


Ordnance stool . . , 

0-330 

04)00 

0-165 

0-029 

0-036 

Ni, 3-94 

Chrome projectile stool . 
Self-hardening tool steel . 

0-807 

0-505 

0-246 

0012 

0-055 

Cr, 6-74 

0-650 

0-100 

0-008 

traoes 

0-042 

W, 0-87 

American self-hardening 







tool stool .... 

0-686 

traces 

0-034 

0-009 

0-014 

Mo. 9-18 
W. 18-21 
Cr. 3-85 

High speed steel . . . 

0-612 

0268 

_ 

0-214 

0-012 

04>19{ 


558 Secaletcmce of Sled—When ordinary steels, containing 
varying amounts of carbon, are allowed to cool from a tempera¬ 
ture of about 1000 °, it is found that at two or more temperatures 
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Manganese Silicate is often present in steels, sometiinea visible 
to the naked eye, sometimes only under the microscope. 

"Ghosts are drawn out segregations of ferrite, high in sulphur, 
phosphorus, and sometimes carbon, which appear dark when 
etched. 


COMPOUNDS OF IRON. 

Ison and Oxygen. 

560 Iron forms three oxides, 

Iron monoxide, or ferrous oxide, FeO, 

Magnetic oxide of iron, or ferroao-ferric oxide, Fe,0 4 , 
Iron sesquioxide, or ferric oxide, FejO s . 

The last two oxides occur in nature as minerals, and are used, 
not only as ores of iron, but also for medicinal purposes. Indeed, 
rust of iron (hydrated feme oxide) is said to have been used 
as a medicine by jfoculapins, and Dioscorides also mentions 
UKtipia otSqpov (probably iron-scales), as being a substance 
similar to rust, but possessing leas active medicinal properties. 
Red hsmiatite was termed blood-stone, and the same author 
states that this may be obtained artificially by igniting load¬ 
stone. Pliny terms iron rust or scale squama Jerri, red iron ore 
hematites, and loadstone magnti, and describes the action of the 
latter upon iron. The reddish-yellow and red oxide of iron is 
called crocus martis by the Latin Gebei. The later chemists 
describe various methods for its preparation, and in 1735 the 
artificially prepared black oxide was termed (rtAeops martis. For 
a long time these compounds were distinguished only by their 
different medicinal action. The supporters of the phlogistic 
theory considered them to be compounds of iron calx with 
various proportions of phlogiston. Thus, for instance, Scheele 
in 1777 states that the precipitate which an alkali produces in 
a solution of green vitriol when exposed to the air gives rise to 
crocus martis, and that fire-air or oxygen disappears. Hence 
he concludes that thj precipitated calx gives up phlogiston in 
its conversion into crocus, 

Lavoisier distinguished two oxides, mthiops and crocus, Other 
chemists, like Berthollet, believed that a large number of these 
oxides existed, and as lata as 1811 the views of chemists on this 
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subject were much divided, Gay-Luse^c was the first to point 
out that in addition to the lower and higher oiides an inter¬ 
mediate compound exists; this was confirmed by Berzelius. 1 

Ferrous' oxide acts as a basic oxide, yielding the readily oxid- 
isable ferrous salts, FeR s (R = a univalent negative radicle), 
in which the metal is divalent. Ferric oxide acts as a basic oxide, 
yielding the ferric salts, FeRj, in which the metal is trivalent; 
it has also a feeble acidic function, forming with many basic 
oxides a series of compounds known as the ferrites, M I! 0,FegO s . 
The magnetic oxide does not correspond to any characteristic 
series of salts, but yields a mixture of ferrous and ferric salts when 
it ip treated yith acids. It may be regarded as a ferrous ferrite, 
FeO.FejOj. Ferrate* are also known corresponding to the 
acidic oxide, FeO s , which has not itself been prepared. 

Iron Monoxide, or Ferrous Oxide, FeO, is obtained when 
hydrogen is passed over the sesquioxide heated to 300°, as a 
black powder which oxidises with incandescence on exposure, 
but loses this proporty after it has remained for twelve hours 
in an atmosphere of hydrogen (Siewert). The reduction of 
ferrio oxide at a high temperature (700-1000°) by a mixture 
of hydrogen and steam yields a product which, although not 
pure, contains a high proportion of ferrous oxide." This com¬ 
pound is formed also by the action of nitrous oxide on metallic 
iron at 200°.* When ferrous oxalate, FeC,0 4 , is heated at 
160-160° in absence of air, a mixture of monoxide and metallio 
iron remains, as shown by Liebig’s observation that the gas 
evolved consists of fifty-six parts of carbon monoxide and Bixty- 
eight parts of carbon dioxide, 4 If ferrous oxalate is added to 
boiling caustic potash the monoxide is obtained as a black, velvety 
powder, which when washed with water in the air takes up 
oxygen (Bottger). 

Ferrous Hydroxide, Fe(OH)„ is formed when a pure ferrouB 
salt is treated with caustic potash or soda freed from air. It is 
a white powder which, when washed with hot water and ether in 
absence of air, may be preserved in an atmosphere of hydrogen. 
As, however, it is difficult to obtain perfect absence of air, the 
ferrous hydroxide is usually obtained as a green, pulverulent 

1 gee WaUer ead Belz, Zcit. BlttamMem., 19*1, 27, 406. 

' Hilpert end Beyer. Ber., 1911, 44, 1608; tee elto Boemen, J. Washington 
Acad. Sri., 1917, 7, 85. 

* Sabi tier end Sendenoe, Compt. rend., 189*. 114,14*9. 

• See eleo Mixter, Aw. J. Sri., 1913, [4188,566. 
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mass. 1 It crystallises from solution in strong caustic soda in 
flat green prisms. 3 

Ferrous hydroxide absorbs oxygen, assuming first a dirty-green 
colour which rapidly darkens and finally becomes brown owing 
to the formation of ferrio hydroxide. On exposure of ferrous 
hydroxide to air, this process proceeds so rapidly that the mass 
sometimes becomes incandescent with formation of the seaqui- 
oxide. Owing to its affinity for oxygen ferrous hydroxide is a 
powerful reducing agent. It reduces nitrites and nitrates to 
ammonia, a reaction which may be used for the estimation of 
these substances. 3 It also absorbs carbon dioxide rapidly, and 
dissolves in acids with evolution of heat. 

Ferrous hydroxide dissolves readily in acids to form the 
ferrous salts, which are produced also by the direct action of 
acids on metallic iron in the absence of oxidising agents, and 
by the reduction of the corresponding ferric salts. The anhydrous 
ferrous salts of colourless acids are usually colourless, but the 
corresponding hydrated salts possess a pale greenish-blue tint, 
The soluble salts possess a sweet, astringent, ink-like taste. 
Their neutral or acid solutions absorb oxygen slowly with forma¬ 
tion of a ferric salt, part of which is precipitated in the form of 
basic salt when there is no excess of acid present. In presence of 
alkali, absorption of oxygen occurs rapidly, even at the ordinary 
temperature. Copper salts even in traces exert a marked 
catalytic effect in increasing the oxidation of ferrous salts. 4 
In consequence of the ease with which they pass into a higher 
state of oxidation, the ferrous salts act as powerful reducing 
agents, and are largely employed for this purpose 
Magnetic Oxide of Iron, Fermo-ferric Oxide, or Triferric 
Tetrozide, Fe^J,, occurs in large masses as the mineral mag¬ 
netite. It crystallises in octahedra, dodecahedxa, and other 
combinations of the regular system. It has an iron-black colour, 
and a more or less strong metallic lustre. It frequently occurs 
in granular or amorphous masses, and is found also in marshes 
as an earthy mass known as ochreoua iron ore (or in German' 
eisenmulm). The pure crystallised mineral has a specific gravity 
of 5-18, whilst that of the granular and earthy material varies 
considerably, inasmuch as it contains magnesia, lime, and titanic 

' Schmidt, Atndm, 15*0, M, 101. 

• de Sohoben, Com* tni., 1589,100, 266. 

1 Miyamoto, Journ. Ckm. SocJapan, 1922, 42 , 397. 

* Maquwnc ud Demooty, Com* rod., 1920,171, 66, 
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oxide, and also often contains the iron p a more highly oxidised 
condition. m 

The interesting observation that this ore has the power of 
attracting iron, and that by contact with it iron attains the same 
polar magnetic properties, was made at an early date. According 
to some, the name is derived from a certain Magnes, who was the 
first to observe this property, whilst according to others the nape 
is derived from Magnesia, a town in Lydia also called Heraclea, 
where the mineral was first found. The latter explanation 
would seem to be the more probable, inasmuch as Plato and 
Theophrastus termed magnetite the Heraclean stone. Ferroso- 
ferric oxide, does not always possess the magnetic properties 
exhibited by loadstone, although attracted by the magnet. 

When iron is heated to redness in the air it becomes coated 
with an iron scale. This is a mixture or a compound of the 
monoxide and sesquioxide in varying proportions. The inner 
layer, which is blackish-grey, porous, brittle, and attracted by 
the magnet, has the composition 6FeO,Fe 8 0 3 , and is not magnetic. 
The outer layer contains a large quantity of ferric oxide, is of a 
reddish colour, and is more strongly attracted by the magnet 
than the inner portion. When iron is quickly burnt in oxygen 
or in the oxy-hydrogen blowpipe, the oxide which is formed 
varies in composition according to the conditions of the experi¬ 
ment, although it approaches the oompoeition of the magnetic 
oxide; the occurrence of this oxide baa also been observed in 
smelting operations. 

Magnetic oxide is obtained when excess of steam or carbon 
dioxide is passed over red-hot iron, but, on the other hand, 
when the oxides of iron are heated in a current of hydrogen 
or of carbon monoxide in excees, they are reduced to metal. 
Pure ferroso-ferric oxide may be prepared by reducing ferric 
oxide at 400° by a mixture of hydrogen and steam. 1 It is also 
obtained as black crystals by strongly heating ferrio oxide with 
excess of sodium chloride ! or by fusing iron with sodium sulphate. 
When the black oxide is dissolved in hydrochloric acid, or when 
a mixture of a ferrous and ferric salt is dissolved in the right 
proportions, and caustic alkali added to the solution, a black 
precipitate is obtained which dries to * brownish-black brittle 
mass giving a dark brown powder unalterable in the air. This 
hydroxide contains about 7 per cent, of water, and corresponds 

I HUpert led Bey«, Bit , 1811, 44 , 1608. 

* Thompson, Tram. Ceramic Sac., 1818,17, [*], 340. 



to the formula Fe(0H),^e,0,. It is attracted by the magnet, 
and may in this way be separated from any admixed sesquiosdde. 

Iron SeMjuicaide, or Ferric Oxide, F«fi 3 , is one of the most 
important ores of iron, occurring as red hsematite, and as specular 
iron, crystallising id rhombohedra and scalenohedra, possessing 
a steel-grey colour. It also occurs under the name of micaceous 
iron in thin, red, translucent scales. This mineral is found 
in large quantity and in splendid crystals in the Island of Elba, 
of which Virgil 1 says: " Insula inexhaustis chalybdum generosa 
metallis." The crystals have a specific gravity of 6-19 to 5-25. 
The mineral raartite is also a pure ferric oxide which crystallises 
in the same form as magnetio oxide, and ig probabjy a paeudo- 
morph of this mineral. 

Ferric oxide can be prepared artificially in various ways. It 
is formed by igniting the hydroxide or any ferric salt containing 
a volatile add, as a steel-grey, crystalline powder, which, like all 
other kinds of iron sesquioxide, gives a brownish-red powder 
when finely triturated, and has a specific gravity of 6-17. It 
may be obtained in small crystals by the action of the vapour 
of ferric chloride on heated lime (Daubi6e), or by fusing ferric 
oxide and borax together and treating the cooled mass with 
hot dilute hydrochloric add; bIbo by passing a slow, steady 
stream of hydrogen chloride over the strongly ignited oxide 
(Deville). Artificial micaceous iron is prepared by heating a 
solution of ferrous sulphate and copper sulphate together for 
ten hours at a temperature of 210° (Wibel). Ferric oxide has 
also been observed in the crystalline state as a product in smelting 
operations, whilst crystals having the form of specular iron 
have been found in iron rust from a building some 700 to 800 
years old. The ignited and natnral ferric oxides dissolve only 
slowly in adds, the best solvent being a boiling mixture of eight 
parts of sulphuric add and three parts of water. Ordinary 
feirio oxide is only very slightly paramagnetic and is not attracted 
by a small horse-shoe magnet. It has, however, been obtained 
in a more strongly magnetic form by the oxidation of ferrous 
hydroxide," and Liversidge has described specimens of rust, 
which, although free from metallic iron and from ferrous oxide, 
are strongly magnetio., Heated in the electric furnace," or in 
the oxy-hydiogen flame, 4 feme oxide forms the magnetic oxide. 


1 Sa. x. 17-84. 1 HiUgati, CmfL rend., 1882,86, 360. 

> Moira, Aid., 1892,116, 1054. 

‘ Bud, Joint. Clm. Sot, 1894,86, 814, 
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The freezing point of ferrio oxide, in op atmosphere of oxygen, 
is 1562-1565 3 . 1 

The colour of ferric oxide varies from bright yellow to black, 
depending upon the mode of preparation. The light-coloured 
varieties may be obtained by cautiously heating any of the sul¬ 
phates of iron; other iron compounds yield darker products. All 
varieties become brown to dark violet on heating to 650° to 100p°, 
and above this temperature change to bluish-black or black.® 
A yellow form of anhydrous ferric oxide has also been made 
admixed with other substances such as aluminium oxide or calcium 
sulphate, which act as stabilising agents. Their removal Tesults in 
agglomeration of the ferrio oxide with consequent change of 
colour from yellow to red.* The yellow colour of bricks ia 
due to this yellow modification of ferrio oxide rendered stable 
by alumina.* 

In addition to its use as an iron ore, ferrio oxide is of service 
in a variety of other ways. Thus, the residue left in the process 
of distilling fuming sulphuric acid from green vitriol (Vol. I., 
p. 439), termed colcothar or caput moriuum vitrioli, is used largely 
as an oil-paint and also as a polishing powder; the least calcined 
portions, which are of a scarlet colour, are usod as jewellers’ 
rouge, whilst the more calcined portions, which have a bluish 
tint, are termed crocus, and arc employed for polishing brass or 
steel. Noteworthy also ia the employment of ferric oxide bb 
catalyst in the contaot process for the manufacture of sulphuric 
acid G (Vol. I., p. 437). 

Hydrates of Ferrio Oxide.—A very large number of different 
hydrates of ferric oxide have been prepared, or exist naturally 
as minerals, but the exact constitution of many of these is un¬ 
certain. Brown hematite or limonite has the composition 
2Fe 2 0 3 ,3H,0, gftthite Fe^Oj.HjO, and hydrohsmatite, 
21 ^ 05 ,HjO, all three being crystalline. 

Muck 9 and Tommasi 7 obtained red hydrates by the precipita¬ 
tion of ferrio salts with alkalis, and yellow hydrates by the oxida¬ 
tion of moist ferrous hydroxide or carbonate. By drying these 
at different temperatures Tommasi obtained various products 

1 Kohimeyer, Xoalbtrgit, 1909, 6, 323. 

1 Hedrall, Ztit. onorp. Clem., 19S2, ISO, 217. 

• Yoe, J. Physical Cktm., 1921,26, 198. ‘ Seheeti, Hid., 1917, EL 670. 

• Lunge and Pollitt, Zeifc onjoe, Clem., 1903,15,1104; Lunge and Reinhardt, 
ibid., 1904, 17. 1041; Keppehr and other*, ibid.. 1908, EL 632, 677; Zei'f. 
ptyiifeit. Cion., 1908,6E, 89. 

• Zo'(. Cion., 1888, [2], 4 , 41 . 


» tier., 1870, IS, 1929,2334. 
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which he regarded as definite hydrates, but van Bemmelen 1 
has shown that all the “ red ” hydrates are in reality colloidal 
substances, the amount of water retained by them depending only 
on the pressure of the atmospheric aqueous vapour with which 
they are in equilibrium.* 

When freshly prepared red ferric hydroxide is heated with 
water under a pressure of about 5,000 atmospheres, it is con¬ 
verted into definite hydrates agreeing in composition with 
the naturally oocurring minerals.* Between 30° and 42-5° 
limonite is formed, between 42-5° and 62-5 gothite, and above 
62-5° hydrohsm&tite. 

Various pigments, notably red, yellow, and brjiwn ochres, 
are made by heating the naturally occurring hydrates. The 
exact colour produced depends upon the degree of heating.* 
Iron rust, when completely oxidised, is found to have a 
composition very close to that of b’monite, vis. 2Fe,0 3 ,SH,0; 
freshly formed rust, however, usually contains considerable 
quantities of ferrous hydroxide and carbonate. 6 

When ferrio hydroxide is precipitated from solution, the quan¬ 
tities of salts and of water absorbed by it vary widely with the 
composition of tho mother-liquor.* Arsenious acid forms an 
adsorption compound with freshly precipitated ferric hydr¬ 
oxide; 7 the latter substance, therefore, can be employed as 
an antidote in cases of arsenical poisoning. 

Ferric hydroxide dissolves readily in acids to form the ferric 
salts, which may be obtained also by the action of oxidising agents 
on the corresponding ferrous salts. In the anhydrous state 
they are generally colourless; in the hydrated state they are 
yellow or brown. The soluble ferric salts possess a peculiar 
astringent taste, and they pass readily by reduction into the 
corresponding ferrous compounds. 

Soluble Ferric Hydroxide.— When freshly precipitated ferric 
hydroxide is added to a solution of ferric ohloride it dissolves, 
forming a dark red solution of basic ferric chloride, which may 

' Bee. trav. din., 1839,7.37. 

• See alto Pcanjak and Henris, Amer. J. Set.. 1919, [4], 47,811. 

» Raff, Bcr., 1901, 84. 3*17. Compare Fieober, hit. attory. Chen., 1910, 
8*. 37. ' 

• Boochotmet, Bull Soe. dim.. 1911, [*l 9.340; 1912, [4J11,8. 

• Moody, Jours. Chem. Bee., 1900, SB, 720. 

• See Waiaor, J. Mjoiwi CW, 1913,17,588. 

’ B3tz, Her., 1904,87,3139. £ee alao Looks mann and Lodin, hit, yhyntal, 
Chen., 1913, 81 
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also be obtained by adding ammonitup carbonate to a solution 
of ferrio chloride until the precipitate first formed no lon^jr 
redissolves. On dialysis of these solutions, hydrochloric add 
and ferrio chloride first pass through the membrane, and finally 
hydrochloric acid alone, leaving ferrio hydroxide in solution in 
the dialyser (Graham). It' is not possible, however, to remove all 
the chlorine in this manner; thus after 210 days the composition 
of the residual solution was found to correspond to the formula 
82Fe(OH)„FeCl 8 . 1 According to Tribot and Chrftien, 8 the last 
portions of chlorine may be removed by subjecting the liquid 
to electrolysis, the colloidal solution being placed in a porous 
cell containing the cathode, the outer cell containing water, which 
is frequently renewed. Precipitated ferric hydroxide can be 
brought into colloidal solution by repeated washings in n 
centrifuge until free from the precipitating agent.* Colloidal 
ferric hydroxide can also be readily obtained by tbe action of 
potassium permanganate on a ferrous salt in absence of acid,* 
by boiling ferric nitrate with copper filings or fine dust* or by 
dialysing a hot solution of ferric chloride.* The solution is used 
in medioine under the name of Liquor Fern Dialysali. 

Colloidal ferric hydroxide solution is readily precipitated by 
electrolysis or by the addition of an electrolyte. As usually 
prepared, the colloid is positively charged, so that the efficiency 
of the precipitating electrolyte is dependent on the valency of 
its anion. 7 Negatively charged colloidal ferrio hydroxide has 
also been made by adding the ordinary colloid or dilute ferric 
chloride solution to dilute sodium hydroxide solution with con¬ 
stant shaking.* The charge on a colloid is due to absorption of 
ions from solution and its sign will therefore depend on whether 
anions or cations are in excess in the layers of Bolntion next to 
the particles. Non-electrolytee, as, for example, sugar and alcohol, 
do not bring about gelatinisation. The nature of the precipitated 
gel depends upon the conditions of precipitation.* 

Ferric hydroxide forms a compound with sugar which is 

1 Linder sod Pioton, Joan. Chen. Soe., ISOS, 97, 1020. 

* Compt. rend., 1906,140, 144. 

* Brad field, J. J., Ama. Cbm. Soe., 1922. 44, CM. 

4 Neidle and Crombie, ibid., 1018,86, 2807. 

4 Cohen, ibid.; 1014, SO, 18. 

4 Neidle and Barab, ibid., 1017, 89, 71. 

’ Freondlkh, Zat. pSpatfe* Cbm., 1903, 44, 181; Pappada, Zeil. Chem. 
Ini. KoOoide, 1911, 9, 233. 

4 Powb, Joan. Cbm. Soe., 1918,107,818. 

* Bee Weber, /. Piyticol Cbm, 1920, 49,277, SOS. 





soluble in water. This f|ot is of great importance to the sugar 
refiners, as this compound destroys the crystallising power of 
sugar, and therefore increases the quantity of molasses formed. 
Hence raw sugar ought not to be brought into contact with iron, 
and the “ char ” employed for the decolorisation of the sugar 
should be as free as possible torn thd compounds of this metal. 

561 Ferric hydroxide has feebly acidio properties, and com¬ 
bines with strong bases to form unstable salts, termed ferrites. 
The compound formed with the basic monoxides such as lime 
are analogous to ferrosofemo oxide, Fe,0*,FeO, which they 
resemble in being magnetic. 

Alkali Forties.—Solutions of potassium and sodium ferrites 
are formed by boiling solutions of the corresponding ferrates, 
oxygen being evolved; the solution on standing deposits crystals 
of the ferrite, but these are very unstable and quickly decompose 
when removed from the alkaline liquid. A similar solution is 
obtained by boiling ferric hydroxide with concentrated caustic 
soda . 1 Sodium ferrite is also obtained by the elcctrolytio 
oxidation of iron indilute caustic soda solution at low temperatures 
in complete absence of air, or by anodic oxidation of an alkaline 
solution of ferrous hydroxide or cathodic reduction of sodium fer¬ 
rate solution, using platinum electrodes.* Sodium ferrite is 
produced also when ferric oxide is heated with sodium carbonate 
to bright redness, carbon dioxide being evolved. This reaction 
is made use of in the Lowig process for tbe manufacture of caustic 
soda from sodium carbonate. 

Calcium Ferrite, Fe,0,,CaO.—This compound is obtained 
when an intimate mixture of 190 parts of ferric oxide and 66-0 
parts of lime is heated to whitene «8 in a platinum vessel for 
several hours . 3 It forms a brittle mass of interlaced acicular 
crystals exceeding an inch in length, with a dark metallic lustre 
and magnetic properties. When ground if yields a brown 
powder, which is obtained also by precipitating a solution of 
ferric chloride, as nearly neutral as possible, with lime water 
or saccharate of lime, and igniting the precipitate. Other 
calcium ferrites, containing different proportions of the two 
oxides, have also been prepared,* but Sosman and Merwin 5 

> Hater and Pick, ZaL EUUneim., 1901,7,218.724. 

> Grube and Gmeltn, ML, 1920, 80, 458. 

• Percy, Phi Mag., «87A 1*1 «, 488. 

4 HHpert sod Kohlmeyer, Btr., 1909,4B, 4581. 

• J. WaAinglon Acad. Sei., 1918, A 5S8. See al*o Campbell, J. Ini. Sag. 

Ohm., 1919,11, ,118. 
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maintain that only two such compounds exist, namely, Fe,O s ,CaO 
and Fe,O s .2CaO, the former giving deep red crystals and the 
latter black. ' 

Magnesium. Ferrite, FejO„MgO, occurs in nature crystallising 
in black octahedra as magnoferrite, and is obtained artificially 
by the ignition of a mixture of the two oxides in a current of 
hydrogen chloride, or by the precipitation of a mixture of ferric 
chloride and magnesium chloride with a quantity of caustic soda 
insufficient to throw down the whole. Many analogous com¬ 
pounds can be prepared in a similar way . 1 

Zinc Ferrite, FcjOj.ZnO, was obtained by Ebelmen in black 
octahedra by strongly igniting both oxides together with boron 
trioxide. The mineral franldinite has a similar composition. 

. 562 Ferric Acid, H,Fe0 4 .—'This compound, like manganic 
acid, is not known in the free state. In the year 1702 Stahl 
noticed that when iron is fused with saltpetre and the solid 
mass lixiviated, or when a solution of iron in nitric acid is added 
to concentrated potash-ley, an amethyst or purple-red coloured 
- solution is formed. Exactly a century afterwards Eckeberg 
published his memoir on “ Yttria,“ in which he states that when 
gadolinito is fused with potash and the fused masa extracted 
with water, the solution possesses a dark puxplc-red colour, due 
to iron and not to manganese. The potassium ferrate formed 
in these circumstances was more carefully examined by 
Fremy . 8 It is prepared by igniting iron filings or iron oxide 
with saltpetre or caustic potash, or a mixture of both, The 
formation of the compound may be readily shown by beating a 
mixture of one part of powdered iron with two parts of saltpetre 
in a small glass bulb, over a Bunsen burner. After a few minutes 
the mass becomes red hot, and when cold the residue is dissolved 
in water . 5 The purple solution is obtained also by passing 
chlorino through a strong solution of caustic potash in which 
ferric hydroxide is suspended (Fremy). 

Ferrates arc readily produced also by the electrolytic oxida¬ 
tion of iron in caustic potash or soda solution. When iron is 
used as anode in concentrated caustic potash or soda solution 
and a low current density employed, aU varieties of iron yield 
ferrate, but the yield is greatest with east iron, smallest with 
wrought iron, and increases with the temperature. A good 
yield is obtained by immersing two large iron plates in concen- 

1 Ilet, Btr., 1878, 11 , 1512. » /. flam., 1841, 87 , 97. 

• Hofmann, Ber., 1809,8, 239. 
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trated alkali at 70° and making these alternately cathode 
and anode, the reversal taking place four times per minute. 
The iron plates become passive during-the process . 1 A better 
yield is obtained by imposing an alternating current on the direct 
current and working at a temperature not exceeding 50°, shove 
which there is appreciable decomposition of the ferrate with 
evolution of oxygen and precipitation of the hydroxide . 3 

The concentrated potassium ferrate solution is almost black, 
and on addition of more potash deposits a reddish-brown pre¬ 
cipitate, which is very unstable, but may be preserved by 
drying on a porous plate and sealing in a glass tube. As already 
mentioned, the solution decomposes on boiling, with evolution 
of oxygen and formation of a yellow solution of potassium 
ferrite, from which ferric hydroxide readily separates. Nitric, 
acid and sulphuric acid yield a ferric salt with evolution of 
oxygen, whilst with hydrochloric acid chlorine is evolved. 

Barium Ferrate , BaFe0 4 ,H,0, is the most stable of the salts, 
and is obtained in the form of a dark red powder by precipitating 
a solution of the potassium or sodium salt with barium chloride. 
It is fairly stable, and yields a red solution with acetic acid. It 
is not decomposed by dilute sulphuric acid in the cold, but 
at once yields ferric and barium salts with hydrochlorio and 
nitric acids, with evolution of chlorine and oxygen respectively* 


Ikon and Hydrouen. 

563 The absorption of hydrogen by iron and its diffusion 
through the metal have already been discussed. 

By the action of zinc ethyl, Zn(CjH e ) t , on anhydrous ferrous 
iodide in presence of ether, Wanklyn and Carina found that a 
mixture of ethylene, ethane, butane, and hydrogen is evolved, 
and that the residue on washing with ether yields a metallic 
powder resembling iron, which evolves hydrogen on heating 
and is decomposed by water with evolution of hydrogen, leaving 
a residue of metallic iron and ferrous oxide . 4 It is possible 
that this product contains a compound of hydrogen and iron, but 
further investigation is needed. 

> Haber end Pi ek,'Zeil. EUhnc Ae*., 1901,7, 216. 712, 724, 

1 Grabs end G me tin, 1 Hi., 1920, 20 , ISO. 

> Beecbieri, Gen., 1906, 36 , 11,282. 

* Jnaoim, 1861,120,74, 
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Iron and ths Hauxjens. 

564 Farms Fluoride, FeF 8 , is obtained in colourless or grestuah 
prisms, FeF 1 > 8H 1 0, by dissolving iron in hydrofluoric acid 
and evaporating; these crystals decompose when gently heated, 
leaving the anhydrous salt; this is formed also when iron or 
ferric chloride is heated in dry hydrogen fluoride, and crys¬ 
tallises in colourless rhombic prisms. 

A number of double fluorides with ammonium and alkali 
fluorides have been prepared. 

Ferric Fluoride, FeF s , is obtained by dissolving the hydroxide 
in hydrofluoric acid, colourless crystals of 2FeF„9HjO separat¬ 
ing out from the colourless solution on evaporation. On heating 
this at 100° the hexa-hydrate, 2FeF a ,6H t O, is obtained. The 
formula FeF 4 (0H) 8 (HF)„4H 8 0 has been proposed for this 
compound in order the more easily to account for the following 
reactions 1 : (1) Only one-third of the fluorine enters into 

double decomposition with barium chloride in aqueous solution. 
(2) When the solid is boiled with alcohol one-third of the fluorine 
is rapidly eliminated as hydrogen fluoride, but the remainder is 
lost very slowly. (3) At 95°, the salt loses water rapidly and 
proportionally to the loes of fluorine until one-third has been 
eliminated, when no more water is lost. (4) Prolonged heating 
at 95“ yields an oxyfluoride in accordance with the equation 

FeF 4 (0H) t {HF ) 8 = FeOF 4 +11,0 + 2HF. 

The anhydrous salt is obtained by heating the hexahydrate 
in a stream of hydrogen fluoride or by strongly heating iron, 
ferric oxide, or chloride in a stream of the gas. It does not fuse 
even at 1000 “, and forms ferric oxide when heated in the air* 

Several double salts with the alkali fluorides are known. 

Ferroso-faric Fluoride, FejF^IOHjO, has been described.* 

Ferrous Chloride, FeCl„ is obtained by passing chlorine over 
iron filings (Thdnard), bat as a small quantity of ferric chloride 
is generally formed, even when an excess of iron is present, it is 
preferable to pass hydrogen chloride over iron filings or iron 
wire heated to redness (Wohler and Liebig), or to reduce ferric 
chloride by heating it in a stream of pure hydrogen. Ferrous 
chloride is deposited in colourless, shining scales, which, accord¬ 
ing to S&mrmont, are six-sided. It has A specific gravity of 

> ReoouM, Compt. rend., 1912,14S, 6W. • Puulanc, ibid., 1892,114, Ml. 

• Detain, Maul •*., 1907, B, 163. 
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2-528 (Fiihol), and is very deliquescent, dissolving readily in 
water and alojhoL It fuses at a red heat, and volatilises at a 
yellow heat, when its vapour has a density of 6-38-6-87, 1 whilst 
at 1300-1500° it acquires the normal value of 4-3.* 

When heated in the air it oxidises to ferric chloride, which 
volatilises, ferric oxide remaining behind; 

. 12FeOj -f 30, = 8FeCl s -f 2Fe,0,. 

When heated in a current of Bteam, magnetic oxide is formed : 

3FeCl, + 4H,0 = FejO, + 6HC1 + H,. 

When iron is dissolved in hydrochloric acid, and the solution 
concentrated in absence of air, bluish, transparent, monoclinic 
crystals of FeCl„4H,0 are obtained; these have a specific 
gravity of 1-93, and deliquesoe and become greenish coloured 
on exposure to the air, bnt effloresce at ordinary temperatures 
when kept over oil of vitriol. If a solution of this salt is evapor¬ 
ated with sal-ammoniac in absence of air, and the solid mass 
is heated in a flask until the whole of the sal-ammoniac is 
volatilised, the residue is anhydrous ferrous chloride. Hydrates 
with 1, 2, and 6 HjO have also been obtained. Like other 
soluble ferrous salts, the solution of ferrous chloride absorbs 
nitric oxide, forming a dark, greenish-brown solution, possibly 
containing the unstable compound FeClj.NO (p. 1293). The 
anhydrous chloride readily absorbs ammonia with evolution of 
heat and formation of a white powder (Faraday), which has the 
composition FeCl„<iNH„ gives off ammonia at 100°, and at 
higher temperatures yields ammonium chloride, iron nitride, 
and nitrogen.’ Two other ammonia tea exist, namely FeCl^NHj, 
and FeClj.NH,, 4 the former being produced by heating the hex- 
ammoniate in hydrogen at 100°. 

A number of double chlorides have been prepared. 

Fenoso-Jetric Chloride, Fe,Cl,, 18H 2 0.—Magnetic oxide of 
iron dissolves in concentrated hydrochloric acid, forming & 
yellow liquid, which on concentration over sulphuric acid 
deposits the above salt in opaque yellow deliquescent crystalline 
ct usts. 

Ferric Chloride, FeCl,.—The aqueous solution of this salt was 

1 Meyer, Btr., 1884,17,1338. 

■ Nileou end Pwteneon, Jam. Ckem. Sot,, 1888, 88,827. 

' Fowler, Aid, 1901, 79, 288. Compere Girards t, BvU. Soc. Aim., 1910,7, 
1028. 

• See Bills and HUttig, Zttl. surf. Ctai, 1919,108, 99. 
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known to Glauber under the name of oleum merits. He ob¬ 
tained it in the dry state by dissolving iion in hydrochloric 
acid and evaporating the solution in a flask: “ In /undo there 
remains a blood-red massa, which is as hot to the tongue as 
fire. It must be well-kept from the air, otherwise it liquefies 
to a yellow oleum." 

Anhydrous ferric chloride is obtained by heating iron wire in 
a current of dry chlorine gas at a moderate red heat, when rapid 
combination with ignition takes place, ferric chloride being 
deposited. It is produced also when hydrogen chloride is passed 
over heated amorphous ferric oxide, and is not infrequently 
found in the craters of volcanoes. 

Ferric ohloride forms iron-black iridescent plates, or some¬ 
times large hoxagonal tablets, which exhibit a red colour by 
transmitted light, and a green, metallic lustre by reflected light. 
It is very deliquescent, and easily soluble in water, alcohol, or 
ether. It volatilises at about 28°, but under pressure melts at 
301°. Between 321° and 442° its vapour density is practically 
constant and agrees with the double formula Fe.Cl,. At 
higher temperatures it is dissociated into ferrous chloride and 
chlorine, Fe,Cl, Fe,CI, + Cl,, and on raising the tempera¬ 
ture to about 1060° the double ferrous chloride molecules are 
dissociated into single. 1 When dissolved in boiling alcohol 
or ether it appears to have a molecular weight corresponding to 
the formula FeCl,.* 

Ferrio chloride forms with ammonia at the ordinary tempera¬ 
ture the compound FeCI„6NH„ which loses NH, on exposure 
to air, yielding the pentammoniate, 2NH,, when heated at 100°, 
leaving the tetrammoniate; at higher temperatures, it gives 
ammonium ohloride." It also absorbs nitrosyl ohloride, yielding 
a dark-coloured, deliquescent compound, FeCl„NOCl, and unites 
with nitric oxide at the ordinary temperature to form several un¬ 
stable compounds, whilst at higher temperatures it is reduced by 
the gas to ferrous chloride. 4 It is also reduced to ferrouB chloride 
by heating in a stream of hydrogen. When heated in a current 
of steam it is decomposed into ferric oxide and hydrogen chloride, 
and when heated in oxygen, chlorine is evolved, ferric oxide 

1 Friedel and Cralt*. Oimft. raid* 1888,197, 301. 8ee also GttoewaJd and 
Mayer, Ber' 1888,21, 887. 

* Muller, CmpL rend., 1894,112, 814. 

* Miller, Amtr. Chat. J.. 1888, 17, 870. 

4 Beeaon, Oanpl. rad., 1888, US, 1012; Thomas, ibid., 1898. 120, 147; 

m, its. 





remaining. Anhydrous ferric chloride, intimately inured with 
calcium and heated to doll redness, yields metallic iron. 1 

ferric chloride forms compounds with a large number of 
organic compounds.* The compound with ether is a dark red, 
very deliquescent solid which is decomposed quantitatively on 
beating at 100°, yielding pure ethyl chloride and the oxychloride, 
FeOCl.' 

FeClj.tCjHjJjO = 2C,H,a + FeOCl. 

For the purpose of obtaining a solution of ferric chloride, the 
hydroxide may be dissolved in hydrochlorio acid and the liquid 
evaporated in order to drive off excess of acid, or a solution of' 
ferrous chloride may be heated with the requisite quantity of 
hydrochloric acid and the heated solution oxidised by addition 
of nitric acid. A solution of ferric chloride is, however, best 
prepared by dissolving iron wire in hydrochloric acid, as de¬ 
scribed under the preparation of ferrous chloride, and then 
passing chlorine into this solution until, after standing for some 
time, it smells strongly of the gas. The excess of chlorine is 
then displaced by passing a current of carbon dioxide through 
the warm liquid. A concentrated solution of ferric chloride has 
a dark brown colour and an oily consistency. On dilution it 
becomes limpid, and has a slightly yellow colour. It is readily 
hydrolysed in solution to the hydroxide and hydrochloric acid, 


FeClj + 3H,0 — Pe(OH), + 3HC1 

of thesbihf he formation of free acid, tV**^* 1 conductivity 
oi tne Bonn. , r -.ent of the rate shows that 

t is gradual, ims has been explained by assuming that the 
hydrolysis takes place in stages, each chlorine atom being bydro- 
lysed in turn. It is, however, more probable that the hydrolysis 
occurs immediately on dilution and that the free acid produced 
is completely adsorbed by the colloidal particles of the hydroxide. 
These particles are at first vary small, but they gradually increase 
in size so that their total surface becomes lees and less and the 
adsorbed acid is thus gradually liberated.* Very dilute solutions 
ol ferric ohlonde are practically colourless when freshly prepared, 
but they gradually darken in colour, finally becoming a dark 
1 HsdapiU, B*U. ft*. eUm, 1807,1, MS. • 

' See CoogkB and Header*®, J. Ant,. Cbm Sot., Ml, 88. 14S0. 
rosier, Cooper, and Yarrow, Joun. dm See., 1917, Ul, 809. 

V, i, 139* f ' XnaiA " J918 ‘ •*•**> See also Quartarofl, Gou, 1916, 
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brown owing to the separation of the hydroxide. In extremely 
dilute solution the hydrolysis is so complete that owing to vhe 
absence of ferric ions no'coloration is produced with potassium 
fenocyanide. 

Four different hydrates of ferric chloride have been described 
by Roozeboom ; 1 FeCl a ,6H,0, melting at 37°; 2FeCl„7H,0, mat¬ 
ing at 32-5°; ^FeClj.SHjO, melting at 56°; and FeCl 3 ,2H t O, 
melting at 73-5°. Solutions which contain more iron 
than corresponds to the formula FeCl 8 ,2H,0 deposit the 
anhydrous salt when evaporated above the temperature of 66®. 
A deliquescent compound, FeCljjHCl^HjO, is formed by 
the action of hydrochloric acid on the pentahydrate, whilst 
similar compounds with 4H a 0 and 6 H s O are also known . 1 The 
aqueous solution of the normal chloride is decomposed on 
heating, the more easily the more dilute the solution is, an 
insoluble oxychloride or soluble ferric hydroxide being produced 
according to the concentration of the liquid.* 

The solutions of ferrous and ferric chlorides have long been 
used in medicine. An alcoholic solution of ferric chloride was 
formerly employed as a quack medicine of repute, known by the 
name of Lamotte’s golden drops. This solution loses its colour 
when exposed to light , 4 ferrous chloride being formed, the latter 
compound separating, when the solution is not too dilute, in fine 
green crystals, FeCl„2H,0. Dilute solutions of ferric chloride 
in ether are reduced to ferrous chloride almost immediately on 
exposure to sunlight, the chlorine attacking the ether. Concen¬ 
trated solutions are reduced more slowly, and a black organic 
compound containing iron is also formed . 5 

Ferric chloride forms garnet-red, crystalline double Balts with the 
chlorides of the metals of the magnesium and alkali groups, such 
as FeClj,MgClj,H,0; FeCl 8 ) 2KCl,H s O; and FeClj^NHjCl.HjO. 
These are decomposed by water, and a mixture of the 
last salt with an excess of sal-ammoniac is termed iron sal- 
ammoniac; it was formerly obtained by sublimation of a mix¬ 
ture of iron oxide and ammonium chloride, and is mentioned 

• Zat. pkfMal. CAent., 1892,10, 477. 

■ Sabatier, Bull. Six. tUm, 1881, [2J 89, 197; Room bourn and Schreine- 
nuken, Ztit. jhyrihal. Chen., 1894, IS, 688. 

> Compare Malfitnno and Michel, Compt. rtnd., 1907,149. 187. 127S; 1908, 
140, MB; 1908, 187, 803; Michel, iW„ 1908, 147, 1052, 1288; Cameron and 
Robbuon, J. Pineal Chm., 1907,11.690. 

• See Benmth, J. pr. Chan., 1905,78,220; 1909, 80,283. 

• Pnieddo. Gan* 1920,80, i. 154. 
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by “ Basil Valentine.” i Iron sal-ammoniac crystallises in yellow 
or bright red,'transparent, regular crystals from a dilute solution 
of ferric chloride; these contain a varying amount of iron, and 
are very hygroscopic. 

Iron Oxychlorides.—Theao compounds are formed in various 
wbys. Some are soluble whilst others are insoluble in water, 
When freshly precipitated ferric hydroxide is added to a solution 
of ferric chloride, it dissolves in considerable quantity, and a 
dark red liquid is obtained, which, to one molecule of chloride, 
may contain twenty or more molecules of oxide, and this on 
dialysis furnishes Graham's soluble oxide, These solutions may 
be diluted or wanned without any precipitation of ferric oxide. 
Many acids and salts, however, precipitate either ferric hydr¬ 
oxide or a basic chloride from these solutions, which latter is 
again soluble in water, If ferric chloride be incompletely pre¬ 
cipitated with alkalis, a precipitate is obtained which is soluble 
in water when it does not contain more oxide than is indicated 
by the formula FeClj.BFefOH),. 

Insoluble basic ferric chlorides are formed, in the first place, 
by the oxidation of ferrous chloride in the air; secondly, by 
roasting iron in the presence of hydrochloric acid or a chloride; 
and, thirdly, by boding a solution of ferric chloride for some 
time. The composition and colour of these salts vary according 
to the mode of preparation. They are generally sparingly 
soluble in hydroohlorio add. 

Ferrous Bromide, FeBr,.—When bromine vapour is passed 
over iron heated to dull redness, beat is evolved, and a yellow¬ 
ish, crystalline deposit of ferrous bromide is formed (Liebig). It 
readily absorbs ammonia, yielding a hexammoniate, FeBrj,tiNH a , 
which, on warming, dissociates, yielding a di- and then 
a mon-aramoniate. 1 An aqueous solution of ferrous bromide can 
easily be obtained by dissolving iron in hydrobromic acid; 
on crystallising, bluish-green, rhombic tablets are deposited, 
having the composition FeBr s ,6H,0 (Lowig). 

Ferric Bromide, FeBr,.—This is obtained in the form of dark 
red crystals by heating iron in an excess of bromine vapour. 
When heated in absence of air it fuses, and a part may be sub¬ 
limed without decomposition, another portion, however, being 
decomposed into ferrous bromide and free bromine. The brom¬ 
ide deliquesces on exposure to air, and the solution, which may 
be amply obtained by dissolving the hydroxide in hydrobromic 
1 Ephraim, Bo., 1812, 44, 1322. 
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acid, decomposes on evaporation, with formation of insoluble 
basic bromides. By concentrating the solution ever sulphate 
acid, however, dark green needles of the hexahydrate, FeBr s , 6H,0, 
are obtained. lake the chloride, the solution of the bromide 
dissolves ferric hydroxide readily with formation of soluble 
oxybromides. It forms double salts with certain of the alkali 
bromides. , 

An unstable ferric chlorobromide, FeCl s Br, is formed by the 
direct union of ferrous chloride and bromine. 1 

Ferrous Iodide, Fel,, is obtained by triturating iodine with a 
slight excess of iron filings, or by heating the latter in a covered 
porcelain cnifible to redness, small quantities of iodine being 
gradually added; as soon as the whole mass becomes red-hot, a 
large quantity of iodine is thrown in, and the crucible is heated 
until iodine vapour ceases to be given off. On allowing the 
cmcible to cool it is fonnd that a further evolution of iodine 
vapour takes place, probably owing to the fact that the fused 
mass contains an unstable ferric iodide, which decomposes on 
cooling. The solid residue is a grey lamino-crystalline mass, 
which melts at 177 0 . 4 If a mixture of iodine and iron filings be 
warmed with water, these elements combine with evolution of 
heat, and a colourless aqueous solution of ferrous iodide is 
obtained, which on exposure to the air oxidises readily with 
separation of iodine. This decomposition is prevented by the 
addition of sugar. Ferrous iodide crystallises with 611,0. The 
anhydrous salt absorbs ammonia, giving a hexammoniate, 
FeI 8l 62JH* which dissociates, yielding the diammoniate on 
heating. 3 

Ferrous Perchlorate, Fe{C30 1 ),,6E,0 1 is the only iron salt of 
the oxy-acids of chlorine which is stable in the solid state. It 
is obtained by the double decomposition of ferrous sulphate and 
barium perchlorate (Serullas), or by dissolving iron in dilute 
perchloric acid (Roscoe). It forms pale green deliquescent 
crystals, which give off water at 100°, and decompose at a 
higher temperature. 

1 Leaoimand, Compl. rend., 1883,118, 820. 

* Wanklyn and Carina, AnnoJea, 1801,120, 69. 

• Biltz and HttCtig, Zert. awry. Chrm., >918,106, 89. 
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IlOH AND SUIPHDR. 

565 Iron Subsulphide, Fe 4 S,, is formed when iron is heated in 
the vapour of carbon disulphide, as a crystalline mass of specific 
gravity 6-957. It dissolves in dilute acids with evolution of 
hydrogen and sulphuretted hydrogen . 1 

Inn Monosulphide, or Ferrous Sulphide, FeS, occurs as 
troilite in small quantities in many meteorites, and is formed 
readily by the direct union of the elements. Iron wire burns 
in sulphur vapour with a bright light, and a roll of sulphur 
penetrates red-hot wrought iron and steel, but not cast iron, 
with formation of the molten sulphide.* In order to prepare 
this substance a mixture of three parts of iron filings and two 
parts of sulphur is thrown gradually into a red-hot crucible, 
The porous black mass obtained melts at a higher temperature, 
with separation of sulphur, if any higher sulphides havo been 
formed, but as a rule the artificial sulphide contains an excess 
of iron, and this is removed by heating with excess of sulphur. 
For the preparation of the monosulphide, Iierzelios recommends 
Hahn's process, namely, stirring a white-hot rod of iron in 
molten sulphur. The sulphide which is formed fuses and falls 
to the bottom of the crucible. The operation is continued as 
long as any free sulphur remains. 

Pure monosulphide of iron is a yellowish, crystalline mass 
having a metallic lustre, and melting at 1300“.* It has a specific 
gravity of 4-69, is not magnetic, and does not lose sulphur 
when ignited in an atmosphere of hydrogen, or when raised 
to a white heat in the absence of air. It is readily decom¬ 
posed by hydrochloric and dilute sulpburio acids, forming 
sulphuretted hydrogen, and is used as a source of this gas in 
the laboratory. As the sulphide usually contains free iron, the 
gas thus produced is always contaminated with hydrogen. When 
heated in the air it oxidises, being converted partly into ferrous 
sulphate, whilst at a high temperature suiphur dioxide and ferric 
oxide are formed. It is also oxidised wbqn heated in steam, 
magnetic oxide being produced and hydrogen and hydrogen 
sulphide liberated: 

3FeS + 4HjO = Fe,0 4 + SB£ + EL. 

1 Gutter end Hallopeas, Conpt. rend., 1888,108, 80S. 

» Brain, Ann. Ckin. PAyj„ 1824, PI S8,106. . 

* Treittohke sod Tammann, Zril anoty. cArot, 1806, 48, 320. Compart 
Allen, Ciroihaw/Jolmetoo, tod Laras, Alter. J. Dei., 1812, 88,168. 
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Ammonium sulphide precipitates ferrous,eulphido from solutions 
of ferrous salts as a black, amorphous, hydrated mass. It isp.t 
precipitated from a neutral solution of a ferrous salt owing to 
the formation of acid, in which it is soluble, 

FeS0 4 + HjS =r FeS + HjS0 4 . 

So sensitive is the equilibrium that ferrous sulphide has been 
suggested as an indicator in acidimetry. A small crystal f>f 
ferrous ammonium snlphate is added to the liquid to be titrated 
and hydrogen sulphide is bubbled through it. If the solution 
is alkaline, it becomes black owing to the formation of ferrous 
sulphide. On the addition of acid, the black colour disappears 
immediately the alkali is neutralised. It is as sensitive as 
phenolphthalein or methyl-orange, and is particularly useful 
when dealing with coloured liquids or working in a bad light. 1 
By the addition of a salt of a weak add, for example, sodium 
acetate, to a solution of a fenous salt, the ionisation of the strong 
acid may be so depressed that ferrous sulphide is precipitated on 
pissing hydrogen sulphide. 

Ferrous sulphide forms double sulphides.* Some of these 
occur in nature, for example, magnetic pyrites, 5FeS,Fe,S s ; 
pontlandite, 2FeS,NiS, and marmatitc, FeS,4ZnS. 

If seven parts of iron filings and four parts of sulphur are 
rubbed up to a paste with water, a black sulphide is produced 
with evolution of heat. In this fonn it oxidises very quickly 
in the air with rise of temperature which, when the mixture is 
in large quantity, may lead to incandescence. Hence, according 
to Lemery, artificial volcanoes may be formed if several pounds 
of the above mixture be buried in the earth. The black, amor¬ 
phous sulphide is formed also by the reduction of ferric oxide 
or its Balts in presence of sulphates and decomposing organic 
matter. This is the cause of the' black deposit found in drains, 
as well as in the excrement, when iron is used as a medicine. 

Iron Srsquirulphide, or Ferric Sulphide, Fe a Sj, does not occur 
pure in the mineral kingdom, but probably forms a constituent of 
magnetic pyrites and copper pyrites. It is obtained by the 
action of ammonium sulphide solution on a solution of a ferric 
salt, so long as alkali is in excess,* but if the ferric salt be in ex- 

1 Houben, JJer., 1919, S2, [8J 1813. 

■ See Houderd, Compt. rend., 1907, 144, 901; Bcmemann end Schreyer, 
Utltibnfie, 1909, 8, 819; Rohl, Iron Stiei Inti. Carntjit Men., 1912, 4, 28; 
Honoh, Bull Soc. dim., 1920, [4], 27, 777. 

> See Stoke*. /. Ann. Chen. Soc., 1907, 88, 304; Ha&tti, ZeU. anal 
Chem., 1908,40,133. 
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ceaa a mixture of ferrouji sulphide and sulphur is formed, It is 
produced also by the action of sulphuretted hydrogen on moist 
fenio hydroxide or fenio hydroride suspended in water. The 
product is a black mass which, when moist in absence of air, is 
transformed into a mixture of the disulphide and ferrous sulphide, 

Fe& = FeS + FeS,. 

This reaction occurs in the presenoe of excess of hydrogen sulphide 
and takes about a week at ordinary temperatures, but only a 
few hours at 60°. It is prevented by the presence of a small 
quantity of alkali in the absence of air. Exposed to air in the 
presence of alkali, the mass becomea light yellow in colour, 
sulphur being deposited. 1 Since coal-gas always contains small 
quantities of ammonia, ferric sulphide is the chief product formed 
in its purification from sulphuretted hydrogen * (Vol. I, p. 882). 
In the dry way, it is formed by gently heating sulphur and iron 
together, as well as by the action of sulphuretted hydrogen on 
ferric oxide at a temperature not above 100°. The Bulphido 
obtained at a red heat forms a yellow, non-magnetio moss which 
has a specific gravity of 4-4, and ia decomposed by dilute hydro¬ 
chloric acid into sulphuretted hydrogen, ferrous sulphate, and 
iron disulphide. Iron sesquisulphide forms compounds with the 
other sulphides.' 

Potassium Ferric Sulphide, K,Fe,S,, is obtained when iron 
filings, sulphur, and potassium carbonate are heated together, 
and the residue is extracted with water. The purple-coloured, 
glistening, needle-shaped crystals thus obtained have a Bpecifio 
gravity of 2-863, and burn when heated in the air, but 
when ignited in a current of hydrogen are converted without 
change of form into the black oompound, K,FegS,. 

Sodium Feme Sulphide, NajFe^.fHjO, is obtained in a 
similar way and forms brown, microscopic needles. It is also 
formed by the addition of a ferric salt to sodium Bulphide solution 
or by the action of the excess of sodium polysulphide on a ferrous 
salt in solution. 4 It is fonnd in the “ blaok ash ” liquors obtained 
in the manufacture of soda by the Leblanc process. 

Stiver Ferric Sulphide, AgjFe^j, is a dark browniah-Mack, 

1 Rodt, Zril mgta. dm., 1919, V. i. 422; Mecklenburg end Bodt, 
Zeit. auerg. dm, 1919, U& 130. 

* Gedet J.flr GoeJrJewAtmj, 1905,48,400; StoVee, foe- cil. 

* Schneider, Fogg. Am., IBM. 136 , 490; Preie, J. fr. dm., I860, 107 . 
10; Meifetti, ZdL okA tW, 1909,48,369. 

* MeoklesbuTg end Rodt, foe. eil. 
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crystalline powder obtained by the action of silver nitrate solu¬ 
tion on the potassium compound. 

Cuprous Ferric Sulphide, CujS.PejS,, occurs as the minwal 
copper pyrites. It may be made by shaking an ammoniacal 
solution of cuprous chloride with potassium ferric sulphide until 
all the copper has been precipitated. 

Magnetic pyrites or pyrrfioiite may be regarded as a compound 
of the mono- and sesqui-aulphides, but is probably not a definite 
compound but a solid solution of sulphur in ferrous sulphide . 1 
Its composition varies between 6 FeS,Fe a S, and 6Fe9,Fe,S a . 
It crystallises in hexagonal plates, usually, however, occurring 
in the massive state, having a brownish-yellow or brassy colour; 
it is attracted by the magnet, sometimes being itself magnetic. 
Its specific gravity varies from 4-4 to 4-7, and it frequently con¬ 
tains as much as 5-5 per cent, of nickel, the latter metal being 
obtained in Canada from this source in considerable quantities. 

Iron Disulphide., FeS,, occurs very widely distributed as iron 
pyrites. This mineral was known in early times, but was not 
distinguished from copper pyrites, both being known under the 
name of rrvpLrtfi. Agricola considered these as two varieties of 
the same mineral. 

Iron pyrites is found in all geological formations; it crystallises 
usually in cubes or pentagonal dodecahedra,’ but occura also 
in many other forms and combinations of the regular system, 
no fewer than sixty-nine different forms having been described. 
It is frequently found in spherical, botryoidal, or stalactitic 
masses, being formed by the action of organic matter on water 
which contains iron sulphate in solution. Hence it is frequently 
found in peat and coal in crystalline masses often possessing the 
form of the original organic matter, such as wood, roots, etc. 
It is likewise found in chalk cliffs, in similar ooncretionary forms. 
In the pure state, iron pyrites has a brass-yellow colour, aud 
a specific gravity of 5’186. It is very hard, giving sparks when 
struck with steel, for which purpose it was formerly employed. 

Iron disulphide occurs also as marcasite forming bright brass- 
coloured, rhombic crystals with a specific gravity of 4-68 to 4'86. 
This is also widely diffused, and occura in various forms, especially 
in lignite beds. When broken, it exposes an almost white surface 
and is therefore also known as white iron pyrites. The fracture 
exhibits a fibrous structure radiating from a point, hence the name 

1 Alien, Crenshaw, Johniton, and Lanen, Aner. J. Set., 1612, [4], 88, 169. 

1 See Fdeoh l Ztxt. Kryrt. Min 1911,48. 672. 
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radiated pyrites, which is also applied to the mineral. 'Whereas 
iron pyrites is quite permanent in the air, marcaaite is oxidised 
to- ferrous sulphate and becomes disintegrated, When heated 
to between 400° and 600°, marcaaite is slowly transformed into 
pyrites and the change is not reversible. In order to account 
for the differences in properties between pyrites and marcaaite. 
the following constitutions have been suggested for them: 1 

Pyrites tffcS* Marcaaite Fe<fj>Fe or B^ | e ~ g g>8 

Iron disulphide may be obtained artificially by gently heating 
the monosulphide with sulphur, or by passing sulphuretted 
hydrogen over the oxides or chlorides of iron heated to redness. 
It is also produced by boiling precipitated ferrous sulphide 
with flowers of sulphur or by adding sodium trisulphide slowly 
to a boiling solution of ferrous sulphate when sulphur is also 
liberated.* When an intimate mixture of ferric oxide, sulphur, 
and sal-ammoniac is heated slowly above the temperature at 
which the latter compound volatilises, the disulphide is obtained 
in small, brass-yellow octahedra and cubes (Wohler), Crystalline 
pyrites is formed also when carbon disulphide vapour acts upon 
ferric oxide (Schlagdenhauffen), and when ferric chloride is 
heated with phosphorus pentasulphide* Iron pyrites and mar- 
casite may be produced artificially also by the action of hydrogen 
sulphide on ferric sulphate solution.* Iron disulphide is not 
magnetic, and is not attacked by dilute acids or sulphuric acid, 
but readily dissolves in nitric acid with separation of sulphur. 
There is some evidence showing that the iron in iron pyrites is in 
the ferrous condition. 4 

Ferrous Sulphite, FeSO s .—When iron ib dissolved in aqueous 
sulphurous acid in absence of air, no gas is evolved, and the 
solution contains ferrous sulphite and ferrous thiosulphate: 

2Fe + 3H.S0, = FeSO, + FeS,0, + 3H s O. 

The latter salt is a very soluble one; the first, however, is only 
slightly soluble, so that after a short time it is deposited in 
colourless or greenish crystals. Ferrous sulphite is also produced 

1 Arbeiter, Chcm. Ztxtt., 1913, i, 1833. 

• Rodt, Zdt mjt*. CW1818, », 1, *2!. 

• Olttal, Bee., 1890, 0, 37. 

' AUeo, J. WtuSinglm Acad. Set., 1911,1,170. 

• Bwiedelc, EpL KryeL Min., 1910,48, *47; Plummer, J. Amer. dm. Sac., 
1911.33. 1487. 
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by passing sulphur dioxide into a suspension of freshly precipitated 
ferrous sulphide. 1 The sulphide is dissolved apd the sulphite 
separates out: ** 

FeS + SO, + H,0 = FeSO, + H,S. 

A solution of ferrous sulphite becomes red on exposure to the air 
owing to oxidation. 2 

Ferric hydroxide dissolves in sulphurous acid to give a yellow 
solution which probably contains ferric sulphite, but this com¬ 
pound has not been isolated. The eolution rapidly changes 
colour from yellow to green, owing to reduction of the ferric 
sulphite to ferrous sulphite and dithionate. 5 

Fe,(SO a ), = FeSO, + FeS,0 8 . 

Ferrous Sulphate, or Green Vitriol, FcSO,,7H a O, wae probably 
used by Geber. Agricola, in his discourse De Re Metallica, 
mentions two kinds of pyrites. The one, such as coal-brasses, 
decomposes spontaneously and yields a vitriol; whilst the other, 
as the ordinary Mason's pyrites, does so only when it is rossted. 
Its preparation by dissolving iron in sulphuric acid was described 
by “Basil Valentine” in his Treatise on Natural and Super¬ 
natural Things: “Take oleum vitrioli; dissolve therein mars, 
and prepare a vitriol from it.” In his last volume he describes 
the method for preparing sulphide of iron and for obtaining 
vitriol from it: “ IAmaturam Jerri and sulphur and calcined 
in a potter’s furnace until it becomes tinted purple; theD pour 
upon this distilled water, when a fine green liquid is formed. 
Draw this off ad lertias, allow it to deposit, and thus obtain 
an artificial vitriol.” Green vitriol occurs as the mineral melan- 
terite, either crystalline or in fibrous stalactitic forms, but 
generally massive and pulverulent. It is usually derived from 
the decomposition of pyrites or marcasite. Ferrous sulphate is 
likewise frequently found in solution in drainage water from 
mines, and it is manufactured on a large scale from this source. 
Large quantities of green vitriol (about 100 tons per week) are 
manufactured in South Lancashire from the pyrites occurring 
in the coal measures. These are piled up in heaps and exposed 
to the atmosphere. The soluble ferrous /mlphate, together with 
the excess of sulphuric acid formed, runs into underground tanks, 

1 Henderaon sod Weiaer, J. Anet. Chen. Soc., 19)3,36, 239. 

* Seubert and Elton, Zeii. unary. Chen., 1893, i, 44. 

* Carpenter, Journ, Chen, doc.; 1902,81,1. 



where the excess of add is removed by means of scrap iron. On 
evaporating the liquor large crystals of ferrous sulphate are 
obtained. Ferrous sulphate is formed also as a by-product in 
the manufacture of copper sulphate or blue vitriol (p. 449). The 
commercial salt not infrequently contains traces of copper sul¬ 
phate, and this may be detected and separated, as was pointed out 
by Vigani, so long ago as 1683, by leaving the solution in contact 
with metallic iron until the whole of the copper is precipitated. 
Another common impurity is ferric sulphate; this may be removed 
by recrystallisation, but zinc Butphate, manganese sulphate, and 
other salts cannot thus be got rid of. Hence when chemically 
pure ferrous sulphate is needed it is best to treat an excess of 
iron wire with dilute sulphuric acid. When the evolution of 
hydrogen has ceased, the liquid is boiled together with the undis- 
solved portion of the wire, filtered, and oiystallised. 

Ferrous sulphate forma well-defined monoclinic. crystals with 
a specific gravity of 1-889 at 4° (Joule and Playfair), hut is 
dimorphous, often crystallising in rhombic prisms, which arc 
isomorphous with zinc sulphate. These are obtained when a 
crystal of zinc sulphate is thrown into a supersaturated solution 
of the ferrous salt, but, on the other hand, if a crystal of copper 
sulphate be employed, triclinic crystals are obtained having tho 
composition FeSO 4 ,6H a 0 and isomorphous with copper sulphato 
(Lecoq de Boisbaudran). When ferrous sulphate is heated in a 
vacuum to 140’, it yields a white powder of tho monohydrate, 
FeS0 4 ,H,0, and this, when gently heated in absence of air, yields 
the anhydrous salt, FeSO t . Exposed to the air, the commercial 
heptahydrate gradually loses water and becomes converted into 
basic ferric sulphate, but the pure dry salt is quite stable and does 
not effloresce or oxidise. 1 

Up to 100° there are three hydrates which are successively in 
stable equilibrium with the aqueous solution, namely, the 
heptahydrate, stable from —1-82° (the eutectic point) to 56-6°, 
the tetrahydrate, from 66-6° to 64-4°, and the monohydrate, 
above the latter temperature. 1 The solubility at various tem¬ 
peratures, in grams of anhydrous ferrous sulphate per 100 grams 
of saturated solution, is as follows: 

0* 10* 20’ ' 40* 64° 61° TV 90’ 

13-5 17-0 21-0 28-7 34-3 35-7 31-5 27-2. 

1 De Forerand, Crnpt. «ni, 1814,168,20. 

' Mnebl, Zol. matf. Cion., 1907, SB, 223. 
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In addition to those already mentioned, hydrates with 6H,0, 
3H,0, and 2H a O have been described. 

Ferrous sulphate ia insoluble in concentrated Bulphuric acid 
and absolute alcohol, and the addition of strong sulphuric acid 
to a saturated solution of the salt causes the precipitation of 
the monohydrate. 1 A solution of ferrous sulphate, like-the 
chloride, absorbs nitric oxide. The dark brown saturated solu¬ 
tion, which probably contains the compound FeSO„NO (p. 1293), 
gives off the gas in a vacuum as well as when heated; in the 
latter oase small quantities of nitrogen monoxide and ferric 
sulphate are formed. When the brown solution is mixed with 
strong sulphuric acid, keeping the mixture cool, it becomes 
purple-red; upon this reaction the well-known test for nitric acid 
and the nitrates depends, as well as the method of detecting tho 
presence of nitrous fumes in sulphuric add. 

By treating a concentrated solution of ferrous sulphate with 
chlorine and allowing to evaporate the substance FeSO t Cl,GH t O 
is obtained. It may also be prepared by heating a mixture of 
ferric chloride and ferric sulphate. 1 

Ferrous sulphate solution is readily oxidised by oxygen or air, 
and the rate of oxidation is proportional to the partial pressure 
of the oxygen.* The presence of inert salts reduces the rato 
owing to the decreased solubility of oxygen in the solution. 4 
Potassium permanganate and dichromate also readily oxidise 
ferrous sulphate solution, and titration with solutions of these 
salts affords a rapid and convenient method of estimating iron. 
The reducing power of ferrous sulphate is utilised in photography, 
where, in the process of “toning” ferrous sulphate is used to 
precipitate gold from gold chloride. 

AuCl s + 3FeS0 4 = FeCl a + Fe,(S0 4 ), -f Au. 

Green vitriol is largely used in the arts and manufactures for 
the preparation of iron mordants, inks, Prussian blue, etc. 

Ferrous sulphate enters into the composition of various 
double salts. There are, for instance, the red and yellow sub¬ 
stances formed when sulphuric acid acts on a concentrated 
mixed solution of ferrous sulphate and copper sulphate. 6 Again, 

1 Compare Kenriok, J. Phyiiail Che*., 1MB, 12, 693; Wirth, Beit. anorg. 
Chem., 1913,79, 380; Florentin, Butt. Sx. sSim.’lBlS, [4], 18,382. 

* Itthm, Cofcpiian, 1921,914, 28!. 

■ Emit*. Proc. Comb. Phil. Sx., 1913,17, 182. 

* MaoAtthur. J. Phyneal Chem., 1918,80. US. 

' gtaid, ComjH. rend., 187B, 87.002; Soott, Jour*, dim. Sx., 1897,71,884; 
Alim and, ZtH. onorg. Chin., 1909,81,202. 




ferrous sulphate, like the sulphates of the metals of the magne¬ 
sium group, copper, and manganese, forms crystalline double 
salts, with the sulphates of the alkali-metals; of these the 
following is the most important. 

Ferroui Ammonium Sulphate or Mohr’s Salt, 
FeS0„(NH 4 } f 80 t ,6H 1! 0, 

is obtained when the calculated quantities of ammonium 
sulphate and green vitriol are dissolved in the minimum quantity 
of hot water, and the filtered solution is allowed to crystallise or 
is precipitated with alcohol. It forms clear, hard, bluish-green, 
monoclinic crystals, which have a specific gravity of 1-613. One 
hundred parts of water dissolve (Tobler): 

At O’ 20“ 30’ SO’ 75“ 

FeS0 11 (NH 4 ),80 4 12-2 21-6 28-1 44-6 66-7. 

This salt is a very stable one, and does not readily undergo 
alteration in the air, being much less easily oxidised than green 
vitriol itself. Hence it is largely used instead of the latter salt 
for the purpose* of volumetric analysis. The double sulphites 
of ferrous sulphate with those of the alkali metals aro prepared 
in a similar manner and arc all isomorphous. 1 

Ferrous Dmlphate, FcS,0„ separates out as a white powder 
when a concentrated solution of ferrous sulphate is mixed with 
several times its volume of concentrated sulphuric acid. It 
forms microscopic prisms, and is decomposed by water into 
sulphuric acid and green vitrioL* 

Ferric Sulphate, Fe^SOJ* is obtained by the action, of nitric 
acid on a hot solution of green vitriol to which the requisite 
quantity of sulphuric acid has been added: 

6FeS0 4 + 3HjS0, + 2HN0, = 3Fe 1 (S0 4 ), + 2N0 + 4H,0. 
The yellowish-brown solution gives a syrupy liquid when con¬ 
centrated, from which colourless crystals axe deposited on 
standing. When these are heated, or when sulphuric acid is 
added to the concentrated solution, the anhydrous salt is formed 
as a white powder, which dissolves slowly in water, white by the 
action of green vitriol on boiling snlphuric acid the same salt is 
deposited in small, crystalline scales or rhombic prisms: 

2FeS0 4 r 2HjS0, = Fe,(80 4 ), + SO, + 2H,0. 
Various hydrates also ha76 been described. 3 

‘ Tattoo. Pros. Roy. Soc.. 1313, [A188, Ml. 

1 Bo 1 m, Jom. dm. Sot., 1874,87, 812. 

• Boooan, Cmfi. mi.; 190*, 141,108; 1907, 144, 1U7. 
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When a dilute solution of ferric sulphate, is boiled or incom¬ 
pletely precipitated with alkalis, or when a solution of jren 
vitriol is allowed to oxidise in the air, various basic ferric sulphates 
are formed. 1 An iron mordant obtained by oxidising green 
vitriol with nitric acid deposits on standing large, transparent 
crystals, which are probably monoclinic, havjng the composition 
FeSO,(OH),7HjO; these are decomposed by water with 
formation of the insoluble salt, FejSO^OH^.bHjO.® Various 
other basic ferric sulphates occur as minerals,* being formed by 
the oxidation of the sulpirides of iron. Amongst these may 
be mentioned vitriol ochre, FeS0 4 (0H) 4 ,2Fe(0H) s ,H s 0. This 
frequently qccure in long, brown, green, or ochreous yellow stal¬ 
actites ; whilst copiapite, Fe,(SO 4 ) 3 Fe 3 (SO 1 ) t (OH)„10H 1 O, occurs 
in sulphur-yellow tablets or crystalline scales, and fibro-ferrite, 
2Fe 3 {S0 4 )j(OH) a ,Fe,S0 4 (OH) 4 ,24HjO, forms a pale yellow or 
nearly white pearly or silky mass. 

Anhydrous ferric Bulphate, when heated, dissociates into ferric 
oxide and sulphur trioxide. This fact is of importance in con¬ 
nection with the use of ferric oxide as a catalyst in the contact 
process of manufacturing sulphuric acid. 4 

Ferroso-ferric Sulphates.— The two sulphates of iron form 
various double salts, of which some are found in the mineral 
kingdom. Amongst these is roemerite, Fe,(S0 4 ) 4 ,12H,0, 
yellow, monoclinio crystals, occurring at the Rammelsberg mine, 
near Goslar, with another similar mineral termed voltaite, in 
which a part of the iron is replaced by isomorphous metals. 

Ferric Potassium Sulphate, J'e J (80 4 )j,Kj80 l ,24H,0, or Iron 
Alum, is obtained when the proper quantity of potassium 
sulphate is added to a solution of ferric sulphate and the con¬ 
centrated solution allowed to stand for some days about 0°. 
The Balt forms bright violet octahcdro, and dissolves in about 
five parts of cold water. If caustic potash is added to the 
solution and the dark liquid allowed to evaporate, transparent, 
yellowish-brown, hexagonal crystals separate out which have 

1 Compare Cameron and Robinson, J. Pkyiicai Chtm., 1907, II, 041; 
Applebey and Wilkes, Jour*. Chtm. Sec. 1921, Ijfl, 337; Posnjak and Herein, 
J. A met. Chetn. Sec., 1922, 44, I960. 

* Ber., 1875,8,771. 

■ See Bchaiiser, Ztit. KtytL Min., 1807, 4S. 113; 1909, 48. 427; 1913, SS, 
372; Wirth and Bakke, Ztit. anerj. Chtm., 1914, 87,13. 

* Keppeler and D'Ans, Ztit. jAyrikol. Chtm., 1903, ®, 89; Wohler, Piflddo- 
mann, and Wohler, Btr„ 1908, 41, 703; ibid., 1906, 82, 541; Bodenstoin and 
Snxnki, Zdl. Eitktnehtm., 1910,18, 912. 




the composition 5K 1 SO < ,2Fe,(SO t )j(OH),,!6H,0, and possess 
the peculiar optical properties of tourmaline. This salt easily 
decomposes into iron alum and an insoluble basic ferric salt. 

Feme Ammonium Alum, Fe,(S0 4 ) s ,(UH 1 ),SO 1 ,24H g 0, closely 
resembles the potassium derivative, and is sometimes termed 
" iron alum.” It i^bydrolyred in solution, a basic iron sulphate, 
2Fe,0„S0 8 , being precipitated. 1 Several other double salts of 
ferric and ammonium sulphates have been described. 8 


Iron and tab Elxments of rat Nitroqrn Gboop. 

566 Iron Nitrides.— When nitrogen is passed over heated iron, 
the metal is rendered brittle, probably owing to the alternate 
formation and decomposition of an iron nitride, but the latter 
compound cannot be prepared in this manner . 8 The nitride 
may, however, be obtained by heating the metal in ammonia, 
as shown by Berthelot and confirmed by Stahlsohmidt . 4 

If ammonia in excess is allowed to act on anhydrous ferrous 
chloride or bromide, or on finely divided reduced iron, or on 
iron amalgam at a temperature of about 420“, iron nitride is 
obtained as a dull grey powder . 8 In the compact state, it is beat 
obtained by heating iron wire or rod to a bright red heat with a 
large excess of ammonia, excess being necessary inasmuch as the 
hydrogen formed reduces iron nitride at the same temperature 
ns that at which it is produced . 8 

The substance has a composition corresponding with the 
empirical formula FejN, and is so brittle that it may be readily 
powdered in a mortar; it is somewhat magnetic, and has a 
specific gravity of 6'0-fi-5. It begins to evolve nitrogen at COO’ 
and the decomposition is rapid at 600°.’ It readily oxidises 
when heated in the air, and ignites when wanned in chlorine, 
It is dissolved by dilute hydrochloric and sulphuric acids with 
evolution of hydrogen, and formation of ferrous and ammonium 
salts. 

1 See Rae. Jem. Ciem. S«, 1916, It*. 1331, 

1 Laahoud uid Lepierre, Cmpt. reed., 1892, 114, 915. 

* See Mailed, J. Bee. CUn. Ini., 1918,87, 105. 

• Pogq. J»s., 1885, 125, 37. 

* Fowler, Jem. CAon. Sod, 1901,78.285; While sod Kirochbrson, J. Amr. 
am. See., 190«, 28, 1343; Glrardet, BvR. Bee. sAim., 1810, 7,1028. Chirp)' 
end Bonnerot, Compt. rend., 1914,158, 944; Jioyw and Smith, J. Aner. Ckem. 
Bee., 1921,48.476. 

• Bed by and Hendonon, Jam. Ckem. See., 1901,71, 1249. 

’ Muted, tee. ti'L; Chirpy and Bonne rot, lot. at. 
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According to Quntz, 1 ferrous nilnde r FejNj, and ferric nitride, 
FcN, both of which aTe black powders and differ from the^rc- 
going, are formed by heating lithium nitride with ferrous potass¬ 
ium chloride and ferric potassium chloride respectively. A 
substance of the formula Fe s N, was found by Silvestri* as a 
lustrous, metallic deposit onr the Etna lavas. This may be a 
mixture or solid solution of iron and the nitride, Fe*N. . 

Fefrous Nitrate, Fe(N0 s )j,CH,0, is best obtained by the 
decomposition of green vitriol with barium nitrate, the filtrate 
being evaporated in a vacuum over sulphuric acid. It iB very 
soluble in water and very unstable, easily passing into ferrio 
nitrate, When iron is dissolved in cold dilute nitrio acid, the 
following reaction takes place (Berzelius): 

8Fe d- 20HNO, = 8Fe(N0J 4 + 2NH 4 NO, -f 6H t O, 

but the reaction varies greatly with the concentration of the 
acid and tho temperature.* 

Ferric Nitrate, Fe(NO J ) J , is formed by dissolving iron in nitric 
acid. The brown concentrated solution deposits, on addition 
of nitric acid, according to the acidity and the concentration of 
the solution, colourless cubes of Fe(N0 8 )„6H 4 0, or colourless, 
monoclinic crystals containing 9 molecules of water. 4 These are 
very deliquescent, and dissolve in water, forming a brown liquid, 
which becomes colourless when concentrated nitric acid is added 
to it. Ferric nitrate is used as a mordant in dyeing and calico 
printing. 

Several basic ferric nitrates, soluble and insoluble, are known. 

Nilroso-oom'pounds of Iron .—As already mentioned, nitric 
oxide is readily absorbed by solutions of ferrous salts with 
formation x>f dark olive-green to black solutions, which con¬ 
tain unstable compounds of nitric oxide with the ferrous salt. 
The maximum absorption for solutions of ferrous salts in water, 
alcohol, and other neutral solvents is found to be in the pro¬ 
portion of 1 inol. NO to 1 mol. ferrous salt. The reaction, 
however, is reversible, the degree of dissociation not only varying 
with different ferrous salts, but being dependent also on tho 
pressure, the temperature, the concentration of ferrous salt, the 
solvent, and the presence of other dissolved substances. 5 When 

1 Compt. rend., 1902, 136. 738. * Poffl. Ann., 1870,187,108. 

* Montemarlini, Jovrn. Chan. Hoc., 1892, tt, 1278. 

4 See Camotor, and Robimon, J, Pkytital Chem., 1909,13,261. 

1 Manohot and Zeehentmayor, Annaten, 1906, 360, 368; Manohot and 
Httttner, Aid,, 1910,878.183. 
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dissolved in strong hydrochloric acid, ferrous chloride absorbs 
~ about twice as, much nitric oxide as when dissolved in the same 
quantity of water. 1 

. Anhydrous ferric chloride also absorbs nitric oxide, forming 
the compounds 2FeCI„NO and 4FeCTj.N0, which are reddish- 
brown, non-crystalline, hygroscopic powders. When nitric oxide 
is passed into an ethereal solution of ferric chloride, nitrosyl 
chloride is formed, and on evaporation over Bulphuric acid, black 
needles of the composition Fed,,N0,2H,0 are obtained, whilst 
at 60° the anhydrous compound, FeClj.NO, is formed crystallising 
in yellow needles.* 

In addition to the foregoing unstable nitroso-derivatives 
others of a more stable nature have been prepared. These were 
discovered by Rousain, 3 who prepared them by the action of 
ferrous sulphate on mixed solutions of the nitrites and sulphides 
of the alkalis, and they have since been investigated by many 
other chemists. 4 Their exact constitution has not yet been 
determined, but they are closely allied to the ferrocyanidea and 
similar compounds, and consist of salts of complex acids con¬ 
taining both the iron and nitroeo-groups in the acid radical. 
Two classes ol salts have been prepared, vis., the ferrotlinitroso- 
derivativea, such as the salt K[Fe(NO),S), and the ferrohepla- 
nitroso- derivatives, such as the salt K[Fe 4 {N0),Sj]. 

Potassium Ferrodinilrososulphide, K[Fe(N0),8],2H,0, is ob¬ 
tained by the action of potash on the heptanitrosoaulphide. 6 It 
forms dark red crystals, insoluble in water, and decomposes 
violently when heated, yielding, among other products, potassium 
and ammonium sulphates. By the action of sulphuric ,acid, it 
yields the free acid, H[Fe(NO),8J, which slowly decomposes in 
the cold into sulphuretted hydrogen, nitrogen, nitrous oxide, and 
the heptanitroso-acid. 

The corresponding salts of the other alkalis, 0 and in addition 
the crystalline ethyl and phenyl derivatives, CjH s [Fe{NO)^3] 
and CjHjlFefNOJjS], are known, 

• Kohlsohfltter and KuUcheroU, Da.. 1907, «), 873. 

> Thomas, Compt. rad.. 1896,120, *47. 

• Rouaain. ibid.. 1868,48, 224. 

• Porcrinaky, Annate*. 1883, 125, 302; Roeenbcrg, Be r„ 1879, 3, 312; 
Pavel, Hid., 18S2, U, 2800; March !ew«ki and Sacha, Itii. a* erf. Cbm., 1892, 
2.175; Hofmann and Wiede. ibid., 1895,8, 318; 1895,9, 296; 1898,11,281; 
Mari* and Marqnia, Compt. read., 1896,122, 137. 

1 Pavel, Ba„ 18E2, 15, 2000; Roaenberg, Arbiv Km. Min. Gad., 1911, 

M3] I. 

< Konuin, Compt. rend., 1858,48,224. 
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Potassium Fenodinilrosothicsulphate, KpfyNOj&OjlHjO, is 
made by passing nitric oxide into a strong solution of potaashyn 
thiosulphate and ferrous- sulphate. On concentration, the "salt 
is obtained as reddish-brown crystals which are sparingly soluble 
in cold water. The corresponding salts of the other alkalis and 
of ammonium are prepared in a similar manner. 1 

Potassium Ferroheptanitmosulphide, K[Fe 1 (N0) 7 S 3 ] > H,0, # is 
the most stable of these Balts, and is obtained by adding a solu¬ 
tion of ferrous sulphate to one of potassium nitrite and sulphide. 1 * 
It is formed also by boiling a solution of the ferrodinitrosothio- 
sulphate, sulphur dioxide being evolved and ferric hydroxide 
precipitated.^ It forms dark, monoclinic crystals with a diamond 
lustre, and is only sparingly soluble in water. Dilute sulphuric 
acid precipitates from its solution the free ferroheptanilroso- 
sulphhydric acid as an amorphous, brown mass, but when the salt 
is heated with concentrated sulphuric acid it yields nitric oxide, 
nitrogen, sulphuretted hydrogen, sulphur, and ferric ammonium 
and potassium sulphates. 

The corresponding salts of the other alkalis and of the alkaline 
earths have been obtained and also the thallium salt. The 
ammtmiim salt is formed by the action of nitric oxide on freshly 
precipitated ferrous sulphide suspended in water, part of the 
nitric oxide boing reduced to ammonia,* or by dou ble decomposition 
of the sodium salt with ammonium carbonate. The ferrous salt, 
FefFe^NO),!^,, is likewise prepared by double decomposition of 
the sodium salt with ferrous sulphate. 

567 Phosphides of Iron.—la the yoar 1780, J. C. F. Meyer, 
while examining the cauae of the oold-shortness of iron, came 
to the conclusion that this was produced by the presence of a 
peculiar metal, to which he gave the name hydrosiderum, The 
subject was investigated shortly afterwards by Bergman, who 
found that when the residue obtained by dissolving cold-short 
iron in sulphuric acid is fused before the blowpipe with reducing 
agents, a metallio bead is obtained which he also believed to be 
a peculiar metal; to this he gave the name of siderum. In 1784, 
Meyer repeated his experiments and decided that the substance 
thus obtained was a compound of iron and phosphoric acid; 
later it was identified as a phosphide of iron. 

1 Hofmann end Wiode. tat. rnorf. Chm., 1895, 8, S18; 9, 295. 

Pavel. Btr., 1879,12, 1407. 

1 Hofmann and Wiede, fee. of. Sob alas AUi R. Altai. Lined, [51 1906, 
IS, ii., 467; 1907, 18, i., 664; 1L, 542, 584, 658, 740; 1908, 17, i., 202, 424, 
545. 
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One phosphide of irop, Fe,P, is obtained as a porous, non¬ 
magnetic powder by fusing ferrous or ferrio phosphate with 
lamp-black under a layer of sodium chloride; and in lustrous, 
grey crystals by fusing cuprous phosphide with 10 parts of iron 
filings ha the electric fumaoe, 1 When heated in the air, it is 
converted into a basic phosphate, 2Fe,0 8 ,P a 0 4 . 

.The phosphide, Fe,P, is obtained from fused mixtures of 
phosphorus and iron containing more than 84-4 per cent, of iron, 
and is prepared also by fusing copper phosphide with a sufficient 
quantity of iron, when the compound FejP, in an almost pure 
state, rises to the top as a separate phase.* It has been found as 
small, tin-white crystals in iron from a blast furnace.* This 
phosphide dissolves in conoentrated hydrochloric acid, giving 
ferrous chloride, phosphoric acid, and pore hydrogen. 

When iron pyrites or iron powder is ignited in a stream of 
phosphine, a grey, non-magnetic powder, having the composition 
Fe s P„ is obtained, whilst the compound FeP is left as a dark-grey 
powder when the monosulphide is ignited in the same gas, or 
when iron is heated in phosphorus vapour. The compound 
FojP 3 is produced by strongly beating phosphorus and feme 
chloride placed in separate boats in a tube in a current of carbon 
diopride, and forms hard, metallic, non-magnetio crystals. 4 

When obtained in distinct crystals, these phosphides of iron 
are mostly insoluble in single acids, but dissolve in a mixture of 
nitric and hydrofluoric acids, whilst in the loose porous state they 
are attacked by hot hydrochloric acid with evolution of phosphine 
and formation of phosphoric add. They do not undergo altera¬ 
tion in the air, and can be fused in all proportions with metallio 
iron. Many otheT iron phosphides which have been described, 
and possibly some of the above, are probably in reality mixtures 
of a true phosphide and iron. 6 

Ferrous Phosphate, Fe,(P0 4 )„8H t 0, occurs as the mineral 
vivianite, crystallising in monoclinic prisms. In its pure state 
it is colourless, but it generally possesses a green or blue tint, 
owing to partial oxidation. It is found also as an earthy mass 

1 Maronnea'j, Comjt. mi., 1900,130, 866. 

* U Cbatelier and Wologdine, ibid., 1909, 218, 709. Compare Stead, 
J. Iron Slvl Inti., 1900,'68, «0; SakUtwalla, ibid., 2908, 77, 92; Gereke, 
MetaUurgie, 1908, 6, 804; Konrtantinoff, J. flaw. Pkge. Chem. floe., 1900, 
41. 1220. 

* Spencer, JWa. Mag., 1918,17, MO. 

1 Granger, Gonph read., 1898, US, 936. 

* See La Chateller and Wologdine, be. at. ; Khan, OS*n. Zrit, 1910, 81, 46. 
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termed blue iron earth, sometimes dispersed through clay, and 
together with bog iron ore, and in the cavities in fossil boneB, 
When a solution of green vitriol is precipitated with sodium 
phosphate, a white precipitate is obtained, which, however, soon 
becomes blue or green on exposure to air. If the liquid and the 
precipitate are allowed to stand together for a week at a tempera¬ 
ture of 60-60°, the compound is converted into small crystals 
which become blue on exposure to the air (Debray). The precipi¬ 
tated phosphate iB used in medicine. 

The monacid salt, FeHP0„H,0, is prepared by dissolving 
iron in phosphoric acid solution. An interesting derivative has 
been prepared by Manchot. 1 When ammonium phosphate 
solution is added to a solution of ferrous chloride in alcohol 
saturated with nitric oxide, a dark brown, viscid oil is precipitated. 
This may be solidified by placing in a freezing mixture, and on 
recrystallisation at low temperatures yields brown, flaky crystals 
having the composition FeHPO^NO and melting at 16°. On 
exposure to air, the substance is slowly oxidised to feme phosphate. 

When iron is dissolved in excess of phosphoric acid, colourless 
needles of the diacid salt, Fe(H,PO l ) l ,2H t O, are deposited after 
some time, and these alter rapidly on exposure to air.* 

ferric Phosphates. -The normal orthophosphate, FeP0 4 ,2H 1 <), 
is obtained as a yellowish-white precipitate by adding ordinary 
sodium phosphate to normal ferric chloride. It is soluble in 
dilute mineral acids, but not in cold acetic acid, and is slowly 
decomposed by water. When ferric hydroxide is dissolved in 
orthophoBphoric acid and the solution rapidly evaporated, the 
diacid salt, FefH a P0 4 ),, is obtained as a pink, crystalline powder, 
which decomposes in moist air and deposits crystals of the monacid 
salt, 2FeH 3 (P0 4 ),,5H £ 0 (Erlenmeyer). ferric metaphosphate, 
Fe(PO,) s , is deposited in pink plates when ferric hydroxide is 
digested with glacial phosphoric acid at 100°.* Ferric phosphate 
has been obtained in the colloid state, 4 

Basic iron phosphates occur in nature, and frequently form 
a constituent of limonite. Ferric phosphate also occurs as 
dufrenite, Fe^OHjjPOg, which is found sometimes in rhombic 
crystals, but more generally in needles or as a radiated, fibrous 
mass. Vivianite is often oxidised and is converted into beraunite, 

1 Ber., 1914, 47,1601. 

* Erknmeyer, Anrnten. 1878,194. 182. 

» Houtafnm'llo and Hugotte, Compt rend., 1888,108,138. Set also Johneeon, 
Btr., 1889,», 876. 

* Holme* end Riadfon, J. Amer. Clem. 8oe., 1916, 88,1970. 





Fe(P0 4 ),2FesP0 4 (0H)j,4Hj0, occurring in small, foliated aggre¬ 
gates having a, hyacinth-red colour. 

568 Arseniiei of Iron. —When metallic iron is ignited with 
an excess of arsenic in the absence of air, a white and very 
brittle mass of FeAs is obtained. The arsenide FeAs t occurs as 
the mineral lollingite in silver-white, rhombic prisms. It is 
obtained artificially by heating finely powdered iron with the 
vapour of arsenic under pressure . 1 This artificial product, heated 
in a current of hydrogen, yields the arsenide FeAs as a silver- 
white, crystalline powder. The study of the freezing points 
of alloys of iron and arsenic indicates the existence of other 
arsenides, viz.FejAsj, Fe,Aa, and Fe s As 4 * Mispickel or 
arsenical pyrites, FeAsS, crystallises in short, rhombic prisms of 
a silver-white colour; a portion of the iron is frequently replaced 
by cobalt, and this mineral serves as the chief source of arsenic 
compounds. 

Ferric AneniU.— Fe 4 O s (OH),AB[= IFe^ABjOj,511,0]. This 
basic salt is a voluminous, brown precipitate closely resembling 
ferric hydroxide, and is obtained by adding an aqueous solution 
of arsenious oxide, or an arsenite, to ferric acetate. 

Ferric Arsenates .—Tho normal arsenate occurs as scorodite, 
Fc(As0 4 ),2H,0, in brown, rhombic, vitreous crystals. Basic 
arsenates are also found in the mineral kingdom; amongst these 
we have iron-sinter or pharmacosiderito, 3FeAs0 4 ,Fc(0H) } ,6H,O, 
which occurs crystallised in the regular system in green 
or brownish-green, adamantine crystals. The acid arsonate, 
2 Fe l (HAs 0 4 ) 3 , 9 H a 0 , is a white precipitate obtained by adding 
hydrogen disodium arsonate to a solution of ferric chloride. It 
is easily soluble in hydrochloric acid, and separates on evaporation 
as a white powder. Colloidal ferric arsenate has been prepared 
both as sol and gel . 3 


Iron and Boron. 

569 Borides of Iron .—The compound FeB is formed when 
the vapour of boron chloride is passed over iron at a dull red heat, 
or when soft iron is heated with boron in the eleotric furnace. 
It is thus obtained as an amorphous powder, or in ydlowish-grey 
crystals of specific griwjty 7-16. 4 Other borides, viz., Fe 5 B„ 

1 Hilpert sod Disotansun, Bar., 1811, M, 2378. 

• Frfedrioh, Mttalluryit, 1907,4, 129. 

1 Holmes sod Ruidfrus, J. Amtr. Clem. Sac., 1916, St, 1970. 

4 Moisso, Comj*. rod., 1898, 120, 178. Compare Owl, 1894, 110, 1172. 
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Fe,B, and FeB a , have been prepared by heating reduced iron and 
boron in a porcelain tube in a current of hydrogen or in the 
electric furnace . 1 These borides of iron are oxidised by moist 
air, and are dissolved by hot concentrated acids. 


Iron and Carbon. 

570 Iron Carbide at triferro carbide, Fe^C, occurs in steel (p. 12f>2) 
and is known as cementite. It is also found associated with the 
carbides of cobalt and nickel in meteorites as cohcnite. It is 
formed by heating together iron and carbon, and can be isolated 
by dissolving the excess of iron in dilute acid , 2 It is a dark grey 
substance of specific gravity 7-4 and is very brittle. It dissolves 
slowly in hydrochloric acid, hydrogen and hydrocarbons being 
evolved. It is also soluble in nitric acid, giving a brown solution. 
Comparison of the colour of such a solution produced from a 
given sample of steel with that obtained from a steel of known 
composition affords a ready method of estimating the amount of 
cementite in the sample. Iron carbide when moist readily 
oxidises on exposure to air, and when heated bums, yielding the 
oxide. 

Diferro Carbide, Fc,C.—By heating together iron and carbon 
at a definite temperature, suddenly chilling the mass and estimat¬ 
ing the combined carbon in the product, Ruff and Ooeckc* showed 
that the amount of carbon which enters into combination with 
iron increases with temperature to a well defined maximum at 
2220 °, when the composition of the iron-carbon compound 
corresponds to FejC. The diminished solubility of graphite in 
iron above 2220 ° is due to dissociation of this carbide into iron 
and carbon. Below 2220° it dissociates into cementite and 
carbon, while below 1837° the cementite further dissociates into 
iron and carbon . 4 

Iron Dicarbide, FeC a , is obtained as a pale yellow substance by 
heating iron with carbon and then cooling . 5 It is also formed as 

1 Jaeaonneix, Compt. rend., 1907,145, 121; Eighth Inter. Cong. Ajrp. Ciem., 
1912,2,105; Hanneeen, Zeil. anerg. Ciem., 1014, 89. 267; TK.bbcbcv.ky and 
Henlt, Rev. Sac. met. Met., 1915,1,533. Compare Hoffmann, Chm. Zrit., 1910, 
84,1349. 

■ Mobsan, Compt. rend., 1897, 124, 718; Rnff and Gereten. Ber., 1912, 45. 
03. See also Hilpert and Dieckmann, ibid., 1915, 48, 1281. 

* UetaBwjie, 1011, 8, 417. 

1 Huff, ibid., 456. See also Rung?, Zrit. anorg. Cktm., 1921,115,293; Honda 
and Murakami, Sci. R>p. Tobobi Imp. Unir., 1921,10, 273; tfctd., 11,119. 

• Wittorf, J. Sum. Pkgt. Chan. 6oc„ 1B11,48.1013. 
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a black, magnetic powder by igniting ammonium ferrooyanide or 
the double compound (JfH 1 ) t FeCy t ^NH 1 Cl,3H,0. On heating 
in air, it yields ferric oxide without any change in weight. 1 

Other carbides of iron have also been described. 3 

Ferrous Carbonate, FeCO„ occurs naturally as spathic iron 
ore* which, however, contains larger or smaller quantities of the 
carbonates of calcium, manganese and magnesium. The mineral 
is obtained artificially in microscopic rhombohedra by pre¬ 
cipitating a solution of green vitriol with sodium bicarbonate and 
heating the mixture for twelve to thirty-six hours at a tem¬ 
perature of 160° (S4narmont). When a cold solution of pure 
ferrous sulphate is treated with sodium carbonate, a floccu- 
lent, white precipitate is thrown down which rapidly becomes 
dirty green from absorption of oxygen and evolution of carbon 
dioxide, and is at last converted wholly into ferric hydroxide. 
If the precipitate is washed in total absence of air, it may be 
obtained pure and colourless, but usually it is a greyish powder, 
readily oxidised on exposure to air. If the moist precipitate is 
mixed with sugar, it does not undergo such rapid change. 

Ferrous bicarbonate exists in many mineral waters, and is formed 
in solution by the action of carbonic acid on ferrous carbonate. 
When such a solution is exposed to the air, carbon dioxide is 
evolved, and ferric hydroxide deposited. A quantitative study 
of the Tate of oxidation of ferrous bicarbonate has shown that 
the reaction is of the first order. 3 

Ferric Carbonate is not known in the dry state, since the 
precipitate produced by the addition of a soluble carbonate to a 
ferric salt rapidly loses carbon dioxide. 

Ferropentacarbonyl, Fe(CO) 6 , was first obtained by Mond, 
Quincke, and linger * by allowing iron prepared by the reduction 
of ferrous oxalate to stand in contact with carbonic oxide. It is 
evolved when the product is heated to 120°, and may be con¬ 
densed in a receiver placed in a freezing mixture. Dewar and 
Jones 6 describe it as a viscous, pale yellow liquid, which forms 
a yellow, crystalline solid at —20°, the latter becoming coIouiIobs 
at the temperature of liquid air. It has a specific gravity of 
1-46, and boils at 102-5. The vapour decomposes slowly below 

1 Jjjubsvin, J, Phft. Chem. 3oe., 1912, 44, 609. Bee also Hsnemann, 
Zeit. <uory. Che in., 1913,84,1. 

* Wittorf, J. Bute. Phye. Chan. Joe., 1911, 43,1613. 

* Jim, Btr., 1907,40.3695. 

* Joan.. Chcm. &x., 1891, 68 , 604,1090. 

* Prx. Boy. Soe., Ml. 1905,78, 568; 1907, 78, 66. 
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very stable at the ordinary temperature, but decomposes at 
140-160° into iron and*carbonic oxide. It dissolves in many *. 
organic solvents, forming dark-green solutions which very 
readily undergo oxidation. Attempts to determine the mole¬ 
cular weight in benzene solution showed that the substance 
must be a polymeride containing many Fe(C0) 4 groups, possibly 

[^(COU,, 


Iron and Cyanogen. 

57J Hydrocyanic acid gives no precipitate with solutions -of 
ferrous salts, and on addition of ammonia a ferrous ammonium 
ferrocyanide, (NH 4 ) t Fe"Fe ll Cy 4 , is formed which rapidly oxidises 
to the corresponding ferric salt, NH 4 Fc lu Fe l, Cy,. 1 Ferrous 
cyanide, FeCy„ can be prepared, however, by heating hydrogen 
ferrocyanide at 300° in absence of air, when hydrogen cyanide is 
evolved and ferrous cyanide left as a pale yellow powder, 1 It 
is stable in absence of oxygen up to 430°, when it begins to evolve, 
nitrogen leaving a mixture of iron, carbon, and iron carbide. 
When warmed in air, it glows, burning to ferric oxide. It is 
probably an uocyanide, having the structure Fe(NC),.* 

572 Our knowledge of the oomplex compounds of iron and 
cyanogen commences with the discovery of Prussian blue in 
1704 by a colour-maker named Diesbacb. In 1752 Macquer 
observed that when this colour is boiled with caustic potash, 
oxide of iron remains, whilst a peculiar salt enters into solution 
which was named phlogisticated alkali, or yellow prussiate of 
potash. This body was shown to contain iron and prussic acid 
by Berthollet in 1787. Proust, in 1806, next found that iron 
remains in combination with prussio acid when the alkali in 
the yellow prussiate is replaced by other bases; and Ittner 
in 1809 considered that the compounds of ferric oxide and other 
bases with prussic acid are double salts, In opposition to this 
view, Porrett * described experiments from which he drew the 
conclusion that the so-called double prussiates containing iron 
are simple salts of a compound acid containing ferrous oxide 
and prusBic add. This he called ferruretted chyazic acid , a name 
basdd on the fact that; it is a compound of carbon, hydrogen, 
and azote or nitrogen. Gay-Lussac's classical investigation of 

1 Hofmson, Annain, 1907, Hfc 64. 

* Browning, Jev m. Chm. Sec., 1900, 77.1134. 

• Phil. Trent., 1814,827; Am. PM, 1818, li, 214; 1B1B, 14, 296. 
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prussic acid followed immediately on Porrett’s memoir. In this 
he proved that the acid ie a hydrogen compound of the radicle 
cyanogen. Berzelius then showed that all the salts of iron ind 
prussic add may be considered to be double cyanides, and that 
(according to our present nomendature} the prussiate of potash 
is a cyanide of iron and potassium, Fe(CN) 2 ,4KCN. Three years 
later Gmelin, 1 by acting upon this salt with chlorine, obtained a 
new compound which, from its colour, was termed red prusstete 
of potash. This may be regarded as the feme double salt, 
Fe(CN) s ,3KCN. Gmelin likewise proved that the potassium in 
the salt may be replaced by hydrogen, thus giving rise to ferri- 
cyam'c acid, In the following year Gay-Lussac pointed out that 
the yellow prussiate may be supposed to contain a compound 
radicle consisting of iron and cyanogen, to which he gave the name 
cyanoferre. Liebig extended this explanation to the other 
cyanogen compounds containing iron, and considered the above 
salts as compounds of two isomeric radicles, FeC ( N d , to which 
he gave the names of ferrocyanogen and ferricyanogen. 

Many suggestions have been made as to the constitution of 
theso two radicles. Graham * and Erlenmeyer 5 assumed these 
compounds to contain the radicle C a N s , on which suppoaition 
potassium ferrocyanide would have the constitutional formula {I), 
whilst Friedel * suggested the formula (2), Browning 5 that given 
under (3), Denig& * has proposed (4) and Friend 1 (5), in which 
the iron atom can bo linked to the nitrogen atoms in the 1 : 2, 
1; 3, or 1: 4 positions. 


N' 


.KC-N 

KC=N 


^C-Fc u -c/ N ~ CK V. 

x X N=CK / 


( 2 ) 

NK 

/N—C—C—C= 

Fe"< I | 

\n=6-c-c= 


NK 

NK 


l 


K 


1 SthweiggerS Jaunt., 1822, 84, 325. 

1 Rlemt nit of Chmuky, 1860,1, 200. 

* Ompl. rmt f., 1887.104. 996. 

• ButL Soe. chim., 1916,80, 79. 


' 3) /U=NK 

Fe"< 

\j p/C—NK 


• I.rMucJi Org. Ctum., 1807, 148. 

* Jam. dim. Soe., 1900,77. 1*3* 
’ Jaunt. Chm. Soe., 1916. 109, 716. 



1304 


IRON 
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C=N—C*=NK 
Fe-^ i==NK i=NK 

K N' 

x i=N-C=NK 

0 


K A 


(1) 




b 

JwK 

NSC 7 

8 


According to these various hypotheses, the ferrocyanides 
contain dosed chains either oi carbon atoms alone, or of carbon 
and nitrogen atoms. No evidence, however, has been obtained 
in support of any of these views, and the general properties of 
the substances are quite distinct from those of the numerous 
compounds known to contain such closed chains. Moreover, 
one of the six cyanogen radicles can be replaced by numerous 
other radicles without any great alteration in general properties, 
which would not be the case if any of the above formula were 
correct. It is noteworthy that in tbc methyl ferrocyanides the 
methyl groups appear to be directly linked to nitrogen, and not 
to carbon, 1 as would be required by formula (1). Of the other 
formula, only that of Denigta, in which the iron islinked differently 
from the potassium atoms, offers any explanation of the difference 
in reactivity of the two metals; and in this case the iron is 
linked to carbon, whereas, since ferrous cyanide has the wo- 
cyanide structure, it should probably be joined to nitrogen. 
Further, these formula admit of the possibility of is'omerism 
which has not yet been found in tho case of the inorganic ferro¬ 
cyanides. 

Analogous complex cyanides are formed by other metals of 
the eighth periodic group, and by metals occupying positions 
near them in the periodic table, such as chromium, i.e., by those 
metals which yield complex bases with ammonia, etc., and there 
is little doubt that these complex bases and the complex cyanides 
are compounds of the same order. The co-ordination theory of 
Werner (p. 36), which ,has thrown much light on the relations 
of the complex bases, is also of great value in making clear the 
similar relations of the ferrocyanides and analogous compounds. 

According to this hypothesis, the iron atom occupies the centre 
1 Hstthy, Jnrn. Chen. See., 1911, $6,1649. 
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of the system and ie combined with the six cyanogen radicles 
which are “ co-ordinated ” with it. The complex radicle thus 
formed is of an acid nature and is capable of combining with 
basic elements or groups which form cations in solution. Thus 
potassium ferrocyanide and ferricyanide are formulated as 
follows, the co-ordinated group being enclosed in square brackets: 
for tbe sake of shortness and simplicity ^he symbol Cy is used for 
the cyanogen radicle CN: 

Potassium Ferrocyanide Potassium Ferricyanide 
K 4 [Fe"Cy i ]. XJFe^Cy.l. 

The ferrojyanogen radicle is tetracidic, two of the cyanogen 
valencies being neutralised by the ferrous iron atom, whilst the 
fcrricyanogen radicle is triacidic, as the ferric iron atom neutralises 
the valency of three cyanogen groups. 

One of the six cyanogen groups may be replaced in both ferro- 
and ferri-cyanidea by a large number of other groups, including 
CO, NO, N0„ NH„ H a O, SO,, yielding substances which closely 
resemble the original salts in general properties. If the re¬ 
placing group be a monovalent acid radicle, such as NO* the 
valency of the group remains unchanged, whilst a divalent acid 
radicle increases the valency of the group by one unit, and a 
neutral substance reduces it by one unit. The nitroso-group 
and ammonia behave in this connection as neutral substances. 
Thus, BOdium carbonylferrocyanide is NaJFe n (CO)Cy J; 
sodium nitrosoferricyanide (nitropnisside), Na J [Fe nl (NO)Cy s ]; 
sodium sulphitoferrocyanide, Na s [Fe"(SO s )Cy s ]; and sodium 
nitroferrocyanide, Na 4 [Fe D (NO,)Cy,]. 


Fkbrocyanoobn Compounds. 

573 Until recent years the ferrocyanides served as the point 
of departure for the preparation of almost all tbe other cyanogen 
compounds, and they are still manufactured on the large scale, 
although the cyanides specially required for the extraction of 
gold aTe at present largely obtained in other ways. At present 
the sodium, potassium, calcium, and iron ferrocyanides are all 
prepared in quantity. „ 

The method formerly adopted for the manufacture of potass¬ 
ium ferrocyanide, and now obsolete, consisted in heating crude 
potashes in a cast iron pan, and adding from time to time a 
mixture of iron filings and nitrogenous organic matter (horns. 




feathers, dried blood, etc,). The fused mass was allowed.to cool, 
and then lixiviated with ftarm water, fenocyanide being obtained 
by the evaporation of this aqueous extract . 1 

Ferrocyanides are now obtained as by-products in the coal- 
gas manufacture and other industries in which coal is subjected 
to destructive distillation. Tbe unpurified gas usually contains 
a small quantity of cyanogen compounds, chiefly if not entirely 
as'hydrocyanic add. When the gas is purified by means of 
ferric oxide (Vol I., p. 882), this is partially absorbed, together 
with the sulphuretted hydrogen, and when the absorbing oxide 
is completely spent it is frequently found to contain sufficient 
Prussian blue to repay the cost of extraction. 

A common method of obtaining the ferrocyanide from the 
spent oxide is to treat it with hot milk of lime, which converts 
the Prussian blue into caldum ferrocyanide; on addition of 
jxjtasainm or ammonium chloride to tbe filtered extract, the 
sparingly soluble potassium calcium or ammonium calcium 
ferrocyanide, CaKjFeCy, or CafNH^jFeCvj, separates out, and 
from this pure potassium or sodium ferrocyanide can readily 
be prepared. 

In recent years the hydrocyanic add has been extracted at a 
number of gas works by passing the gas, previous to the dry 
purification (Vol. I., p. 886 ), through a suitable apparatus in 
which it is brought into intimate contact with an alkaline liquid 
to which an iron salt has been added. The latter is converted 
into ferrous sulphide by the action of tbe sulphuretted hydrogen 
in the crude gas, and this is acted on by the hydrocyanic acid 
in presence of alkali [e.g., potash) as follows: 

FeS H • 6HCy + 2K,CO s = K,FeCy, + 11*8 + 2C0 a -!- 2H,0. 

The potash may be replaced by sodium carbonate or lime, in 
which case sodium or caldum ferrocyanide is obtained. 

If the gas is treated with a solution of ferrous Bulphate previous 
to the removal of ammonia, the latter supplies the necessary 
alkali, and the hydrocyanic acid is absorbed and converted 
partly into ammonium fenocyanide and partly into insoluble 
double ferrocyanide* of ammonium and iron, the latter being 
almost the sole product when excess of ferrous sulphate is used. 
This is filtered and converted into soluble ferrocyanides by 
boiling with alkalis, the ammonia evolved being recovered os 
sulphate by absorption in sulphuric add. 

1 For foil details of this sod the modem methods of obtaining forrooysoidw, 
*ee the article on " Cyanides " in Tborpe'i Dictionary oj Applied Chmittry. 
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Ferrocyanidea are now prepared also from thiocyanates, the 
latter being either made synthetically from carbon disulphide 
or recovered from crude coal-gas (Vol. I., p. 887). The thio¬ 
cyanate is fused in pots and completely dried by passing through 
it a current of inert gas, and then heated with dry iron borings 
free from rust, air being excluded : 

6NaCyS + 6Fe = 6NaC? -f 6FeS. 

The melt is then treated with water and boiled up with steAm 
in a vat, when sodium fcrrocyanide is formed together with 
sodium sulphide: 1 

• 6NaCy + FeS = Na 4 FeCy, + Na,S. 

Hydrogen Ferrocyanide or Ferrocyanic Acid, H 1 Fe"Cy 4 .— 
This is best obtained when pure hydrochloric acid is added to 
an equal volume of a cold saturated solution of potassium ferro- 
cyanide. The precipitate which forma is dried on a porous 
plate in absence of air, then dissolved in alcohol, and precipitated 
by ether.* It is a white powder crystallising in small needles. 
Lurgcr crystals may be obtained by ponring a layer of ether on 
to the alcoholic solution. Ferrocyanic acid is easily soluble in 
water or alcohol. It possesses a strongly aoid taste and 
reaction, and liberatos not only acetic, but even oxalio acid, from 
its Balts. It oxidises quickly on exposure to air, especially 
when warmed, fornu'ng hydrocyanic arid and ferric ferrocyanide: 

7H,FeCy, + O t = 24IICy -f Fe 4 |FeCy 6 ], + 2H,0. 

This reaction is employed in calico-printing, the cloth being 
printed .with a mixture of tartaric acid arid yellow pruasiate, 
and then steamed. 

When the solution of the acid is boiled, hydrocyanic acid is 
evolved and a white precipitate of ferrous hydrogen ferrocyanide 
remains behind: 

2H l [Fe D Cy e ] = 6HCy + H I Fe a [Fe* , CyJ. 

When heated at 300° in absence of air it decomposes, hydrogen 
cyanide being evolved and ferrous cyanide formed. Some 
regard the product as a ferrous ferrocyanide, Fe“,(Fe n Cy e ), 
rather than as the simple cyanide. 

Ferrocyanic acid gives a series of salts in which it ia tetra- 
basio, and also an ethyl derivative, (G 1 H s ) t Fe(Cy) # .* The 

< J. Soc. Cltm. 1885, 14, 656. • Liebig, AnnaJtn. 1863,87. 127. 

* Hartley. Join. Cl* m. See., IBIS, 108, 1186. 
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molecular weight of the latter in aqueous solution is in accordance 
with the simple formula just given, 1 whereas the calcium and 
strontium salts exist as double molecules. 1 The acid forms 
crystalline compounds with ether, ethyl acetate, and other 
organic esters. 8 

Potassium Ferrocyanide or Yellow PrussitUe of Potash, 
K 4 FcCy t ,31I s O.—The commercial manufacture of this salt has 
been described above. It is obtained also when a ferrous salt is 
added to potassium cyanide; a brown precipitate of uncertain 
composition is first formed, but quickly dissolves in excess of 
potassium cyanide, yielding potassium ferrocyanide. The latter 
is formed also by the action of potassium cyanide solution on 
metallic iron in absence of air, slowly in the cold and quickly 
on heating; 

6KCy -f- Fe -f- 2HjO = K 4 FeCy t -f- 2K0H + Hj. 

Potassium ferrocyanide forms tetragonal pyramids, sp. gr. 1-83, 
in which the basal faces are usually dominant. They are of a 
lemon-yellow colour and generally opaque. Small crystals, on 
the other hand, are amber-coloured and transparent. 

Potassium ferrocyanide does not undergo alteration in pure 
air at the ordinary temperature, but when heated to 60° it 
begins to lose its water of crystallisation, which is removed 
completely at 110°, the anhydrous salt remaining as a white 
powder. It has a sweetish, saline, and somewhat bitter taste, 
and is not poisonous, acting in large doses as an aperient. One 
hundred parts of water dissolve about 25 parts of K 4 FeCy ( at 
25°, and about 87 parte at 100°, but the solubility is increased by 
the presence of Bodium ferrocyanide. It is insoluble in alcohol 
even when the latter is considerably diluted with water. When 
its solution is exposed to light for some time Prussian blue 
separates out, and on long-continued boiling of the solution in 
the air ammonia is given oft and the liquid becomes alkaline. 

By adding very dilute hydrochloric acid gradually to a boil¬ 
ing solution of potassium fenooyanide, the compound 
Fe, w Fe"K|[FeCy 6 ] 1 ,6H I 0 is precipitated, and the use of 
ammonium chloride instead of hydrochloric acid gives the 
compound Fe 1 m Fe n (NH 1 ),S(FeCy t ] 4 ,3H 1 0.* 

1 Bankbook, Zeil. fjtgtiial. Cbm., IB87, £3,167. 

• Berkeley, Hartley, and Burtce, Phil. Tmu., 1908, Ml 830,177; Berkeley, 
Hartley, and Stepheaaon, ibid., 319. 

1 Browning, lot. oil.; Buyer and Villiger, flee., 1901,84, 2079. 

• Wflliame, Pnc. Cio*. Soc., 1913, 80, 64. 
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On boiling potassium ferrocyanide with dilute sulphuric acid, 
hydrogen cyanide is evolved and Everitt’s salt is produced, 1 

2K t FeCy, + 3H s S0 1 = 3K*S0 4 + K,Fe n [Fe u CyJ + 6HCN. 

Concentrated sulphuric acid reacts with potassium feno- 
cyanide with evolution of carbon monoxide: 

K,FeCy, + 8H a S0, + 6H,0 = 4KHS0, + FeS0 4 + 3(NH 4 ) a 80 4 
+ 6CO. 

If the concentrated acid and anhydrous salt are used, the 
reaction proceeds extremely slowly, but if a little water be 
added, it is complete at 180°.* 

Potassium ferrocyanide, in addition to ita use in the preparation 
of Prussian blue and other cyanogen compounds, is employed 
in calico-printing, and also for the case-hardening of iron. The 
commercial salt frequently contains considerable quantities of 
potassium sulphate, which can bs removed by recrystallisation 
only with difficulty. 

Sodium Ferrocyanide, Na 4 FeCy„I0U,0, or yellow Pnusiale 
of Soda, is manufactured as already described, and may 
he obtained also by boiling Prussian blue with caustic sods 
or sodium carbonate. It crystallises readily in large, monoclinic, 
pale yellow prisms, and effloresces slightly in the air; at 100° it 
loses the whole of the water, the residue being a white powder. 
One hundred parts of water dissolve about 27 parts of 
Na 4 PeCy 4 ,10HjO at 15°, and about 160 parts at 100°. 

Ammonium Ferrocyanide, (NH 4 ) 4 FeCy,,311,0, is obtained 
by the action of ammonia on ferrocyanic acid or on Prussian 
blue, and crystallises in yellow prisms isomorphous with the 
potassium salt. Its solution decomposes resdily on heating, 
with evolution of ammonium cyanide. A dull green deposit of 
the formula Fe' , 'Fe B (NH 4 ) l [Fe u Cy 4 T 4 ,3H l O is produced on 
boiling the solution in contact with air.* 

Ammonium ferrocyanide gives a double salt with ammonium 
chloride: 4 (Nfl 4 ) 4 FeCy 4l NH 4 Cl,3H,0. 

Calcium Ferrocyanide, Ca^eCy 4 ,12H,0, is formed when 
Prussian bine is boiled with the requisite quantity of milk of 
lime, or by passing hydrogen cyanide into a mixture of slaked 

’ Er*ntt, ftti. Mag., 1838, 13], 6, 97. 

• Adie and Browning, Jour*. Ckem. 8x„ 1900, 77,100. 

• William*, Prx. CW Sot., 1913, 29, 64. 

• Briggt. Jnn. Cktm. See, 1911, BS, 1019. 




1310 


IRON 


lime and ferrous hydroxide suspended in water. It forms pale 
ye)low, triclini? prisms; 'one part dissolves in 0'66 part of water 
at 90°, and it is even more soluble in sold water. The salt is 
very efflorescent and the analytical results for the water of 
crystallisation ore always somewhat lower than arc required 
for 12HjO.‘ Measurements of the osmotic pressure and electrical 
conductivity of solutions of calcium and strontium ferrocyanides 
indicate that these salts are associated in solution. 3 

Potassium Calcium Ferrocyanide, K,CaFeCy #J 3H,0, and 
Ammonium Calcium Ferrocyanide, (NH,),CaFeCy s ,311,0, are 
obtained as white, crystalline precipitates, very sparingly soluble 
in water when calcium chloride is added to a moderately con¬ 
centrated solution of potassium or ammonium ferrocyanide, 
or by the addition of potassium or ammonium chloride to a 
solution of calcium ferrooyanide. 

Strontium Ferrocyanide, S^FeCy^UEjO, is most readily 
obtained by neutralising ferrocyanic acid with strontium 
hydroxide or carbonate. It is very soluble in water, and 
crystallises from concentrated solution in monoclinic prisma, 
which lose 7H,0 on standing in the air, and a further 6HjO 
over sulphuric acid. 

Barium Ferrocyanide, Bj^FeCy-j.GHjO, is obtained by boil¬ 
ing Prussian blue with baryta water, or by the action of ferrous 
sulphate on barium cyanide. It forms flat, mouoclinic prisms 
soluble in fi80 parts of cold and 116 parts of boiling water. 

Barium Potassium Ferrocyanide, KjBaFeCy a ,3H,0.—This 
salt is deposited in small, yellow rhorabohedra when boiling 
saturated solutions of 2 parts of potassium ferrocyanide and 
1 part of barinm chloride are mixed and allowed to cool. It 
dissolves in-38 parts of cold and 9-5 parts of boiling water. 

Magnesium Ferrocyanide, MgjFeCy,,121:1,0, is prepared in a 
similar manner to the calcium salt, and crystallises in pale 
yellow needles which are exceedingly soluble in water. The 
crystals lose 5H,0 on standing in the air. 

Zinc Ferrocyanide, Zn^FeCy,, is a white precipitate used in 
medicine. 

Copper Ferrocyanide, Cu^eCy, -f aq., is a fine brown precipi¬ 
tate blown as Hatchttt's brown. If solutions of CuSO a and 
KjFeCy, are allowed to come into contact without mixing, 

1 Column, Anal) it, 1910,3$, 299. Compote Berkeley, Hartley, end Bnrtoo, 
Phil. Trans., 1909, £0t. 180. 

* Berkeley, Hartley, and Stephen*™, Hii, 319. 
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copper ferrocyanide is formed as a thin membrane at the 
common surface. This membrane is permeable to water, but 
impermeable to various dissolved substances, and on this ground 
has been extensively employed in the investigation of osmotic 
pressure. 1 

Treatment of copper ferrocyanide with boiling concentrated 
hydrochloric acid removes half the copper, giving the double 
hydrogen or acid salt, CuH,FeCy a ,4li,0, which is a yellow 
Substance insoluble in water. 3 It readily decomposes alkali 
carbonates with evolution of carbon dioxide, and when boiled 
with alkali chlorides it liberates hydrochloric acid, forming 
double fcrrqpyanides such as CuNaHFeCy,, CuNaKFeCy a , and 
CuK,FeCy a . 

The ferrooyaiiides of other heavy metals, for example, nickel, 
cobalt, and manganese, behave similarly.* 

A large number of other ferrocyanides and double ferro- 
cyanides have been prepared, many of which crystallise well.” 
Those of the heavy metals are mostly sparingly soluble or 
insoluble precipitates, some of which possess characteristic 
colours, ss in the case of copper and uranium, and potassium 
ferrocyanido is therefore used as a reagent for these metals. 
The ferrocyanides of iron arc described below. 

Ferricyanockn Compounds. 

574 Ferricyank Acid, H,FeCy 4 .—This is obtained by decom¬ 
posing the lead salt with dilute sulphuric acid, or, preferably, 
the silver salt with hydrochloric acid, and evaporating the solu¬ 
tion at a moderate temperature. The acid crystallises in brown 
needles and has an astringent, acid taste. 

Potassium Ferricyanidc, or Red Pnutiate of Potash, KjFeCy,, 
is formed when potassium ferrocyanide is treated with oxidising 
agents. It is obtained on the large scale by passing chlorine 
into a solution of the yellow prusaiate : 

2K t FeCy. + C1, = 2K 3 FeCy, + 2KC1. 

By repeated crystallisation it may be readily separated from 
the potassium chloride formed at tbo same time, and is obtained 

1 Traube, ArcMvJtr Amlomie usd Pkyiiotcgu, 1867,124; PfeBor, Omctixhe 
Vnterrnckvngm (Leipzig, 1877); Mar*, Amur. Chin. J., 1911, 45 , 558. 

1 Williams, Proc. Cktm. floe., 1912, 28, 317. 

* Wyronboff, Ann. Chim. Pkgn., 1889, [4], 18, 280; 1870, [4], 21, 271; 
1876, [6], 8, 444; Masaner, Ztit. anorj. Cktm., 1805, 8, 368; Werner, Zeit. 
anal. Cktm.. 1919, 88 . 23. 

VOL. n. (II.) 
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as large dark red, anhydrous monoclinic prisms, sp. gr. 1-8, which 
occur frequently in twin forms. Potassium ferrioyanide pos¬ 
sesses a faintly astringent and saline-taste, and dissolves in 
water, giving a yellowish-brown solution, which on dilution 
becomes lemon-yellow. One hundred parts of water dissolve: 1 

At 4-V 10' 1I-B 1 SI'S" 100" 

K a FeCy, 33-0 36-6 39-7 68-8 77-6 parts, 

and 82 parts at 104°, the boiling point of the saturated solution. 
It is only slightly soluble in alcohol. When exposed to light 
the solution becomes darker, and a blue precipitate is formed, 
potassium fenocyanide remaining in solution. When the salt 
is heated in a flame it burns, and when mixed with ammonium 
nitrate and heated, the mixture detonates. It is a powerful 
oxidising agent, especially in alkaline solution, converting the 
monoxides of lead and manganese into dioxides, and forming 
potassium chromate and potassium fenocyanide when boiled 
with a solution of ohromium sesquioxide in potash: 

6K,FeCy, + Cr,O a + 10KOH = 6K t FeCy, + 2K ( Cr0 4 +5U 1 0. 

In solution it is reduced to fenocyanide by sodium amalgam, 
and by hydrogen dioxide: 

4 KjKeCy, + 211,0, = 3K t FeCy, + H 4 FeCy, + 20 r 

It is also reduced by hydrogen Bulphide, Blowly in the cold, 
but rapidly on warming:* 

6K,FeCy, + 3H£ = 4K 4 FeCy, + K^e(FeCy,) + GHCN + 3S. 

Hydrochloric acid readily reduces it: 5 

K,FeCy, + 3HC1 = H,FeCy, + 3KCI. 

2H,FeCy, + 2HC1 - H 4 FeCy 4 -f a,. 

Chlorine is formed, and since this oxidises fenocyanic acid to 
ferricyanic acid, the reaction is reversible, but it proceeds to 
completion if the chlorine is removed from the sphere of action 
by reduced silver. Because of their hydrolysis, the chlorides 
of iron, rinc, and aluminium behave in the same way as hydro¬ 
chloric acid. 

Potassium ferrioyanide is quantitatively reduced by an alkaline 
solution of hydrazine sulphate. Nitrogen is evolved and 

1 WbIIm*, Jour*. Chm. Soe., 18W, 7, SO. 

• Yeoditori. Atk K. Auad. Unui, 1906, (*], U, i, 310. 

• GUbt, Bull Sec. dun. Bill-. 1912, 26, 238. 
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measurement of its volume affords a method of estimating 
either of the reacting substances ; 1 ' 

4K 4 FeCy, + 4K0H + N,H 4 = 4K 4 FeCy, + 4H*0 + N,, 

In a similar manner, hydroxy la mine reduces it, nitrogen and 
nitrous oxide being evolved . 1 

Sodium Ferricyanide, 2Na 4 FeGy 4 JI|0, is obtained by the 
action of chlorine upon sodium ferrocyanide. It dissolves In 
1*26 parts of boiling and 6-3 parts of cold water, and crystallises 
in ruby-red, four-sided, deliquescent prisms. 

Ammonium Ferricyanide, 2(NH 4 ) s FeCy 4 ,H 4 0, is obtained 
in a similar way to the other ferricyanides. It forms fine red, 
monoclinic ptiams, easily soluble in water and permanent in 
be air. 

Lead Ferricyanide, 'Pb»(7eCy ^ 16HjO, is formed by mixing 
lot solutions of the potassium salt and lead nitrate. It forms 
lark reddish-brown crystals slightly soluble in cold, and rather 
nore soluble in hot water. 

The ferricyanides of most of the other heavy metals are 
irecipitates, generally possessing a yellow, greenish-brown, or 
■oddish-brown colour, whilst some of them, like that of tin and 
aercury, are colourless. A number of ferricyanides form stable 
lonble salts with mercuric cyanide* 

Ferro- and Febri-cyanides op Iron. 

575 Aa already mentioned (p. 1302), the double cyanides of 
ton were the earliest known cyanogen compounds, having been 
irat obtained in 1704. In spite, however, of much experimental 
fork by Berzelius, Liebig, Williamson, and othere, the exact 
ompoeition and constitution of the various compounds formed 
■y the interaction of ferro- and fern-cyanides with ferrous and 
errio salts ib still in many respects doubtful. This is largely 
wing to the fact that the preparation of these compounds in a 
tate of purity is very difficult, and, moreover, slight alterations 
l the conditions under which the interaction of iron salts and 
he ferrocyanidee takes place have frequently a very great 
lfluence on the nature of the product. 

576 Femme Ferrocyanidee.— When ferrous sulphate is added 
> potassium ferrocyanide in cold neutral solution in absence of 
xygen, a white preoipitate is obtained having the composition 

1 RAy and Sen, Ztil. oner). C\e»„ 1912, 78, 380. 

> Williams, Pm. Cktm. See., 1912,28, 317. 




Fe' l Kj[Fe II Cy # ], This oxidises with great rapidity in the air, 
yjeMiftg the /9-soluble blue described below. In acid solution, a 
precipitate of similar composition is farmed , 1 which, however, 
differs from the foregoing in being less readily oxidised, and 
yielding -/-soluble blue (p. 1317). 

-A third substance of the same composition, Everitt's salt, 
is obtained as an insoluble compound by the action of 
sulphuric acid ou potassium ferrooyanide. It forms a pale 
yollow powder which is seen under the microscope to consist of 
doubly refractive crystals of a pale greenish colour. It is much 
less readily oxidised than either of the other compounds already 
described, but nitric acid or hvdrogon dioxide copverts it into 
Williamson’s violet (p. 1317). 

Ferrous Hydrogen Ferrocyanide, H s Fe"[Fe u Cy t |, corresponding 
to the last named salt, is obtained by heating ferrocyanic acid 
solution at 110 - 120 °, and on oxidation yields a violet substance, 
Fe lu H[Fa , 'Cy J, closely resembling Williamson’s violet in appear¬ 
ance, hut containing no alkali. 

577 Ferric Ferrocyemdet.—Time substances are the most 
important of the iron-cyanogen derivatives, the various sub¬ 
stances comprised under the general name of Prussian blue 
belonging to this class. They are obtained (!) by the interaction 
of ferric salts and ferrocyanides; ( 2 ) by the interaction of 
ferrous salts and ferricyanides; (3) by the oxidation of ferrous 
ferrocyanides; and (4) by the reduction of ferric ferricyanides. 
The compounds formed in the different ways, although they 
may have the same empirical composition, frequently differ in 
both physical and chemical properties. 

The researches of Hofmann s have shown that all these com- 
ponnd* consist of ferrocyanic acid, in which the hydrogen is 
either wholly or partially replaced by ferric iron, or partly by 
fetric iron and partly by another metal, and all of them may be 
represented by one of the two simple formula: (1) Fe, 11 , [Fe II Cy e ] ai 
and (2) Fe* n X[Fe ,I Cy,] l where X is either hydrogen or a mono¬ 
valent metal. The molecular weight is, however, undoubtedly 
much higher than that shown by the simple formula, and the 
products having the same empirical composition but different 
chemical and physical properties are, in all probability, polymers 
of the simple molecule. 

1 Compare MiUter and Treadwell, J. pr. Om„ 1909, [21 80,170. 

• Amalcn, 1901, 837, 1; 1900, 340, 267; 1906, 842, 364; 1907, 342 64; 
J. pr. Ohm., 1909, Pi 80, 160. See ako Voriinder, Ber., 1913, 48, 181, 
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With the single exception of one of the ferrio ammonium 
ferrooyanides, none of these compounds has been obtained 
anhydrous or in the crystalline form. The remainder are all 
colloidal substances, which still retain water when dried for 
months over phosphorus pentoxide, and this wateT cannot be 
removed by heat without simultaneous decomposition of the 
compound. On account of their colloidal nature, it is extremely 
difficult to prepare them in a state of purity, as, like otfier 
similar substances, they obstinately retain salts, and on this 
account very varying formulae have been attributed to them in 
the past by various workers. 

All the feiyic fenocyanides possess an intensely blue or violet 
colour, and form valuable dyes, differing in this respect from 
all the other ferrocyanides, for although most of the latter ore 
coloured, none of them can be described as colouring matters. 
Hofmann and Besenscheck 1 suggest that the cause of the intense 
colour is the presence in the same molecule of ferrous and ferric 
iron atoms; thus derivatives of the type Fe“K 1 (Fe n Cy 4 ] are 
colourless, whereas Fe“ l K[Fe u O)' ( } is Prussian bine. They 
point out that similar intense colour is present in many other 
compounds containing an element in different stages of oxida¬ 
tion. For example, sulphur sesquioxide, S,O s> is of a deep 
indigo blue colour, whereas both sulphur dioxide and trioxide 
are colourless; red lead, in the same way, is more highly coloured 
than litharge or the dioxide; the tungsten bronzes furnish 
another example. It baa also been supposed that the presence 
of chemically combined water was essential to the production 
of the colour, but the preparation of an anhydrous ferric am¬ 
monium ferrocyanide by Hofmann and Arnoldi 1 disproves this 
suggestion, as that substance is still intensely coloured. 

a-Soluble Prussian Blue or a-Ferric Potassium Ferrocyanide, 
4Fe ni K[Fe n Cy,],7H 1 0, is obtained by precipitating a solution 
of potassium ferrocyanide with slightly less than one equivalent 
of a ferric salt; the precipitate is washed by decantation with 
potassium chloride solution, and then with 70 per cent, alcohol, 
and dried over phosphorus pentoxide. It forms a voluminous 
mass, having a beautiful bronze reflex, and yields a deep blue 
powder. It dissolves in pure water, forming a deep blue 
solution, and like other colloids is precipitated by the addition of 
salts. It also dissolves readily in oxalic acid, and is quickly 
oonverted into ferrocyanide and ferrio hydroxide by dilute 
■ Amvtkn, 1906, M2, 364. 1 Btr., 1906, 89, 2204. 




1*W BON 


ammonia. The water in'the dried substance cannot be driven 
off without decomposition taking place, and is therefore probably 
“constitutional” water. Hofmann states that it is in all 
probability a basic ferric salt of the simplest formula 
(HO) t Fe ra [Fe ,l Cy,]KH, 1 two molecules of which have lost one 
molecule of HjO, forming the anhydro-salt: 

KH 1 [Fe ,I Oy ( ]Fe nl (OHl'0-(HO)Fe m [Te n Cy,]KH a . 

When treated with dilute acid it loses potassium, yielding the 
corresponding a-ferric hydrogen ferrocyanide, Fe ul H[Fe n Cy # ] + 
aq., which closely resembles the ferric potassium salt, but is 
insoluble in water. , 

When a solution of potassium ferricyanide is precipitsted 
with slightly less than one equivalent of ferrous salt, a soluble 
Prussian blue ia produced, which its mode of formation would 
indicate to be a ferrous potassium ferricyanide, Fe"K[Fo"'Cy 4 ], 
It has, however, been shown by Skraup, 1 and by Hofmann, 
Heine, and Hochtlen,* that this substance is identical with that 
obtained in tho manner already described from potassium 
ferrocyanide and a ferric salt. Evidence other than that of the 
method of formation is therefore necessary to decide whether 
the snbetanoe possesses the constitution (1) or (2). 

( 1 ) ( 2 ) 

Ferric Palcueivve Ferrocyanide. Ftrrmt Pmamvtn FerricyanHe. 

Fe u, K[Fe“CyJ. Fe»K[Fe m Cy 4 ]. 

Alkalis decompose it into potassium ferrocyanido and ferric 
hydroxide, which is in favour of the first lormula, but this is not 
conclusive, inasmuch as potassium ferrioyanide and ferrous 
hydroxide, which would be the products formed from a sub¬ 
stance of the second formula, immediately interact, yielding 
ferrooyanide and ferric hydroxide. Hofmann has, however, 
shown that dilute hydrogen dioxide containing acid, which 
readily reduces the ferricyanogen group to ferrocyanogen, but 
has no effect on ferric salts, quickly reduces a ferric ferricyanide 
solution to Prussian blue, and also oxidises the ferrous ferro- 
cyanides to Prussian blue. This must therefore contain the 
ferric iron as the basic, constituent, and ferrous iron in the acidic 
radicle, as given in formula (1). In fact, all the blue iron- 
cyanogen compounds are feme ferrocyanides, the ferrous ferri- 
oyanides apparently not being capable of permanent existence, 
‘ Annalcn, 1877, US, 371. * Ibid., 19M, 837, 1. 
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intramolecular change taking place where their formation would 
be expected. 

fi-SoliMe Prussian B'ue, Fe' a K[Fe“Cy,],H s O, is obtained *by 
the oxidation of the ferrous potassium ferrocyanide obtained 
in neutral solution (p. 1313). It is soluble in water, and differs 
from the previous compound chiefly by its insolubility in oxalic 
-acid. 

y-Solnble Prussian Blue is prepared in a similar manner* by 
oxidising the ferrous potassium ferrocyanide obtained in cold 
acid solution. It is soluble in water, but is much more stable 
towards alkalis than the two previous compounds, and only 
loses the potassium with difficulty by the action of dilute acids 
or of fcTric chloride. 

'Williamson's Viold, Fe ni K[Fe D Cy < ],H a O.—This substance 
was first obtained by A. W. Williamson by tbe action of nitric 
acid or some other oxidising agent on Everitt's Balt (p. 1314). 
It forms a deep violet-blue powder, which is transparent in 
thin layers, allowing green light to pass through. It is much 
more stable than any of the three compounds already described 
of the same empirical composition, being quite insoluble in 
mineral acids, which do not remove the potassium, and also in 
oxalic acid, and being only very slowly decomposed by dilute 
alkalis. 

Hofmann regards 7 -soluble blue and Williamson’s violet as 
formed by the union of two molecules of the simple substance 
Fo m K[Fe u Cy a ], the former having an unsyrametrical and the 
latter a symmetrical constitution, as shown by the formul®; 


7 Soluble Blue.. 


ft’ttfunum'j Violet. 

FbF* 


Fe-Cy.^^Fe-Cy.K,. KFe u Cy^ ^)Fe“Cy a K. 


In addition to the ferric potassium compounds, several ferric 
ammonium compounds have been prepared. 

Monlhiers’ Blue., Fe I[r NH/Fe n Cy ( ],H,0, was first obtained by 
Monthiera 1 by the oxidation of the white precipitate formed 
by the action of ammoniacal ferrous chloride on potassium ferro¬ 
cyanide, and given by him the formula {Fe 1 ) i (FeCy 6 )„6NH„9H 2 0, 
but it has been shown by Hofmann, Amoldi, and Hiendlmaier 2 
to have the formula given above. It is also formed if any 
of the soluble Prussian bluee be exposed to sunlight with 
■ J. Pham., 1848, 131 0, 282. * Aniult*. 1907,188, 84. 
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ammonium oxalate solution, add the resulting white compound 
oxidised by hydrogen dioxide, but is most readily obtained 
by acting on ‘a solution containing potassium ferrocyanide, 
ammonium chloride, and ammonia with iron wire, and oxidising 
the green precipitate with hydrogen dioxide. It is a deep blue 
powder having an enamel-blue reflex soluble in water and oxalic 
acid, and decomposed slowly by dilute alkalis. 

A crystalline anhydrous ferric ammonium ferroajanide, 
Fe ra NH i [Fe n Cy e ], is obtained together with nitroprusside 
by heating a solution of hydroxylamine hydrochloride with one 
of potassium ferrocyanide, and forms a deep blue, insoluble 
powder, which is seen under the microsoope to consist of opaque 
violet-red, lustrous cubes. In its properties it very closely 
resembles Williamson’s violet. 1 

Insoluble Prussian Blue, or Ferric Ferrocyanide, Fe DI 4 [Fe ll Cy 4 ], 
or Fe,C y lt , is prepared by precipitating a solution of a soluble 
ferrocyanide with an excess of ferric salt, or by the action of 
the latter on soluble Prussian blue. The exact composition of 
the precipitate depends on the proportions of ferric salt and 
ferrocyanide taken,’ and it is exceedingly difficult to free it from 
the last traces of alkali. The precipitate is insoluble in water 
and dilute mineral acids, but dissolves in ammonium tartrate 
solution, forming a violet liquid, and in oxalic acid, forming a 
blue solution. The latter was formerly largely used as a blue 
ink, but has now been replaced by the blue aniline colours. 

The dried substance contains water which cannot bo driven 
off without decomposition, tho amount corresponding approxi¬ 
mately to the formula Fe,Cy u ,9H s O, or Fe 7 Cy,j,10njO. When 
strongly heated in the air, it burns like tinder, forming ferric 
oxide, and it is decomposed by alkalis into ferric hydroxide 
and the ferrooyanide of the alkali employed. Concentrated 
sulphuric acid converts it into a white mass, neither iron nor 
hydrocyanic acid being removed, and when this is dried on a 
porous plate, an amorphous powder remains which is decomposed 
by wator into Prussian blue and sulphuric acid (Berzelius). 
Prussian blue also dissolves in hot concentrated hydrochloric 
acid, forming a yellow solution from which ferrocyanio acid 
separates on standing,, It dissolves more readily in a mixture 
of hydroohloric acid with ethyl alcohol or higher alcohols, or 

i Hofmena and Arnoldi, Btr., 1906, 38 . 2204. 

* Volwbin, J. Bw. Piyi. Chen. Soe., 1903, 40, 480; Holler and SUnisch. 
J. pr. Chen., 1909, [i\ 78 , 81; 80 , 163, 
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with amyl acetate, email quantities of water causing a blue 
precipitate in the solutions. 1 

Turnbull's Blue .—Graelin obtained a blue compound by the 
precipitation of potassium ferricyanide with excess of ferrous 
salt, which wa9 afterwards manufactured in England under the 
name of Turnbull’s blue. From its mode of preparation it was 
supposed to be ferrous ferricyanide, Fe, u [Fe 1 "Cy e ] l or Fe & Uy^„ 
but it has been found* that the compound thus formed, after it 
has been washed in presence of air, during which oxidation 
probably takes place, is identical with the insoluble Prussian blue 
obtained from ferric salts and ferrocyanides (see also p. 1314). 

Another /erric ferrocyanide, .differing from that above 
described, has been obtained by Hofmann and Resenscheck s by 
the action of hydrogen dioxide on a solution of ferric ferricyanide 
in presence of an excess of strong hydrochloric acid. It has the 
composition Fe,Cy 13 ,10H,O. In colour and properties it 
resembles Williamson’s violet, but is leas stable towards dilute 
ammonium hydroxide. It is insoluble in oxalic acid. 

Commercial Prussian Blue is a mixture of a number of tho 
forric ferrocyanides above described, and consequently varies 
considerably in its colour and appearance. It is sold in the 
form of lumps, powder, and paste. All these have a deep blue 
colour and show a bronze reflex in varying degree. The finest 
variety, known as Paris blue, is obtained by the precipitation of 
potassium ferrocyanide by a ferric salt, and the lumps of 
this product, especially when wet, have a splendid bronze 
lustre. Ad ferrio Balts are dear, the blue is usually made by 
precipitating a ferrocyanide with ferrous salt, and oxidising the 
product by an oxidising agent such as bleaching powder. The 
exact conditions are, however, mostly trade secrets. 

Prussian blue is still employed as a dye, although to a less 
extent than formerly, having been to a considerable degree 
'replaced by the coal-tar colours. 

578 Ferric Ferricyanides .—When a ferric salt is added to a 
solution of a ferricyanide no precipitate is obtained, but the 
solution assumes a dark brown colour, and probably contains 
ferric ferricyanide, although no solid compound of that com¬ 
position has been isolated from it.* 

* Coffignier, BulL Soc. chim., 1902, [3], 87, 696; Wataon Smith, J. St*. 
Chen. Ini., 1903, 88, 472. 

* Hofmann, Heine, and HdohUon. Annaltn, 1904,887.1. Compare, however, 
HOller and Sfanieob, /. pr. Ohm., 1909, [2], 71,81; 80.153. 

* Aiwofen, 1905, 840, 267. ‘ See Haller, KoUoid ZtiL. 1917, 80. 76. 
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Prussian Green.— Wien an excess of chlorine is allowed to act 
on a solution of a fenb- or feni-cyanide, or on Williamson’s 
violet, a green hydrated compound is precipitated, to which the 
name Prussian green has been given. The composition of this 
substance is variable, and numerous formal® have been proposed 
for it, such as FejCy,, Fe 5 Cy 14 , Fe,Cy M . It haB, howeveT, been 
shown by Messner 1 that when chlorine is passed through a 
boiling solution in the dark, until no further action takes place, 
and the precipitate is washed with water in the dark, the green 
product has tho empirical formula FeCy„ and is probably a 
polymeric ferric femcyanide, [Fe" , (Fe° 1 Cy ( )] r It readily loses 
cyanogen, forming Prussian blue, this being the .cause of the 
varying composition, found by the former investigators. It is 
doubtful if the pure compound has a green colonr, this being 
probably due to the presence of traces of Prussian blue. 

Iron Pentacyano-dbrivativf.s. 

578 It has already been stated that one of the cyanogen 
groups in feno- and fcrri-cyanides can be replaced by other 
groups, forming stable salts, which in general properties are 
closely allied to these substances. 

Carbonylferrocyanic Acid, HjFe u (C0)Cy s ].—This acid is 
made by treating a suspension of the copper salt in water with 
hydrogen sulphide. It forms colourless crystals soluble in 
water. Its solution is acid to litmus and will decompose alkali 
carbonates . 8 The potassium salt is slowly formed by the action 
of carbonic oxide on boiling potassium ferrooyanide solution, 
the group CO replacing 1 molecule of potassium cyanide, which 
undergoes conversion into potassium formate and ammonia: * 

KjFeCy, + CO + 2H 4 0 = K 3 Fe(C0)Cy s + NH,+ HCO'OK. 
It forms pale yellow crystals containing 4H,0. The free acid 
forms colourless, crystalline plates. 

The salts of this acid are almost invariably present in the 
crude fenocyanides obtained from coal-gas, their formation 
being due to the carbonic oxide always present in the gas. They 
are readily separated hy treatment with dilute alcohol, in which 
the carbonylferrocyanides are soluble, and the ferrocyanidea 
insoluble . 4 

1 Skit. amxj. Cktm.. 1895, 8, 138. 

* Muller, An*. Chin. Pkp., 1889, [«117, 93. 

* ML. Compt. r mi., 1898, 12& 1421. 

* Compare Lecocq, Bull. Soc. ckim. Brig., 1911, 26, 72. 
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With fertio chloride the carbonylferrocyanidea give a pre¬ 
cipitate o£ ferric carbonylferTocyanide, Fe m [Fe“(CO}Cy 6 ] + a<j., 
whioh differ* from Prussian blue in possessing an intense purple 
colour. The copper salt is pale apple-green. 

Nitroprumc Acid or Nilrosoferricyamc Acid, HJFe w (NO)Cy s ]. 
—Gmelin and other chemists observed that the coffee-brown 
solution obtained by the action of nitric acid on potassium 
ferrocyanide yields a splendid purple-red colour when treated 
with the sulphides of the alkalis. Playfair, 1 in 1849, showed 
that this reaction is produced by the presence of a peculiar 
compound which is formed by the action of nitric acid on ferro- 
or ferri-cyapides, which he termed mtroprussic acid, and which 
may he regarded as ferricyanio add in which one of the Cy 
groups has been replaced by the nitroso-group NO. 

The acid is formed when nitric oxide ia passed into an acid 
solution of potassium ferrocyanide, the ferrocyanic add, after 
oxidation to ferricyanio acid, acting with nitric oxide thus: 

HjFeCy, + NO — H,[Fc(NO)Cy,] + HCy. 

The potassium salt ia formed also by the action of potassium 
nitrite on a mixture of potassium cyanide and a ferrous salt: 

6KCy + 2FeS0 4 + KNO„ + H,0 = 

K,{Fe(NO)Cy s ] + Fe(OH), + 2K,SO t . 

the ferrous hydroxide being further converted into ferrio 
hydroxide,* with liberation of ammonia, by the action of the 
nitroprusside or the nitrite. 

Nitroprussides may be prepared from cither ferrocyatiides or 
cyanides. In the former case powdered potassium ferrocyanide 
is treated with double its weight of strong nitric acid previously 
mixed with an equal volume of water. The coffee-coloured 
solution evolves carbon dioxide, nitrogen, cyanogen, and hydro¬ 
cyanic acid, and as soon as solution is complete it is warmed 
on the water-bath till a portion of the liquid gives only a Blate- 
colonred precipitate with ferrous sulphate. On cooling, the 
liquor is poured off from the separated potassium nitrate, and 
neutralised with sodium carbonate. The solution is then con¬ 
centrated, filtered, and the nitrates separated by fractional 
crystallisation, or the copper salt may be precipitated and 
decomposed, after washing, with soluble bases. 

1 Pill. Trmu., 1819. U9,177. 

1 BtMebr, Annalen, 1869, 151, 1. See alio Sohwwxkopf, Abhandl dni. * 
naturvUt.-PUd. Ya. BDtmeet, 1911, 3. 
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To obtain them from cyanides, a concentrated aqueous solution 
of ferrous sulphate is nfixed with a solution of equal parts of 
potassium cyanide and sodium nitrite,-and allowed to remain 
for five hours at the ordinary temperature. Ferric hydroxide 
separates, and nitrogen and nitric oxide are evolved. The 
solution is then heated to 25°, made slightly alkaline with caustic 
soda, filtered, and the salt crystallised out. 

Nitroprussic acid is formed by decomposing the silver salt with 
hydrochloric acid, or the barium salt with dilute sulphuric acid. 
The red, strongly acid solution leaves on evaporation in a 
vacuum dark red, deliquescent, prismatic needles. This com¬ 
pound is very unstable and partially decomposes, during the 
concentration of the liquid with formation of ferrio hydroxide, 
hydrocyanic acid, etc. 

Polonium Nitroprunide, K^Fe(NO)Cy t ], forms dark red 
soluble, deliquescent, monodinio prisms. 

Sodium Nitroprusside, Na^Fe{NO)Cy 6 ],21IjO, crystallises most 
readily of all the nitroprussides, and is usually prepared by 
concentrating the solution obtained as above described until a 
sufficient quantity of nitroprusside has crystallised out. This is 
then removed from the warm solution in order to avoid any 
admixture of nitrates. It is purified by crystallisation and 
forms large ruby-red, rhombic prisms. It dissolves in 2-5 parts of 
water at 16°, and is more soluble in hot water. When exposed 
to light, the solution decomposes with separation of Prussian 
blue and nitric oxide, but may be kept unaltered in the dark 
for a long time, especially if a trace of sulphuric acid be present. 1 

Hydrochloric acid attacks 6odium nitroprusside, giving 
hydrogen cyanide and feme chloride, which reacts with the 
excess of nitroprusside to form ferric nitroprusside. 2 Concen¬ 
trated sulphuric acid also attacks it, carbon monoxide being 
evolved. The reactions are very complex. 3 Boiled with caustic 
soda, it yields ferrous hydroxide, sodium ferrocyanide, and 
sodium nitrite. 

Sodium nitroprusside is readily reduced by sodium amalgam 
or the zinc-copper couple to sodium ferrocyanide. In neutral 
solution the nitrogen is evolved as such, in alkaline solution as 
ammonia, and in acid solution part of it as hydrogen cyanide, 
Prussian blue also being formed 4 

» Zucwri, Ana. Chin. ArfiaUe, 19U, B, 287; 1810, 8. 277. 

* Bhsduii, Zeil. anorf. Cion., 1913. Si. 98. 

> Bind an, fee. eO.; Benin, Anal Fit. Qulm.. 1918,13. 108. 

* Bhsduii, Ik. cil. 
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The nifcroprussides of ammonium and of the alkaline-earth 
metals also form red, easily soluble sal's, their solutions decom¬ 
posing on standing or on boiling, with separation of Prussfan 
blue and ferric oxide. The silver salt and the ferrous salt are 
flesh-coloured precipitates. 

The splendid purple colour which the nitroprussidee impart 
to a solution of an alkaline sulphide is very characteristic, and 
this reaction is employed both for the detection of alkali 
sulphides and of small quantities of alkalis anil alkaline earths 
in solution, by passing a littlo sulphuretted hydrogen.through 
the liquid in the latter case and then adding a few drops of 
mtroprusside solution. The purple compound thus produced iB 
very unstable; its constitution is uncertain, but is very probably 
represented by the formula Na,[Fe"(0:N8Na)Cy { ], as Hofmann , 1 
by the action of thiourea, CSfNH^j, on sodium nitroprueside, 
has obtained the compound Na 3 [Fe 1 , {0:N'8CNH NH 1 )Cy E ], 
which forms a beautiful carmine-red powder, closely resembling 
in its properties the substance formed from nitropnissidcs and 
sulphides. 

Starting from sodium nitroprussidc, Hofmann has obtained 
the following substituted ferro- and ferri-eyanides: 

Sodium nitroferrocyanide, Na 4 [Fe n (NO a )Cy t ],10H i O, 
Potassium nitroferricyanide, K J [Fe"‘(NO ! )Cy J ], 

Sodium aquoferrocyanide, Na a [Fe"(H i 0)CyJ,7H,0, 
Sodium aquoferricyanide, Na 1 [Fe" l (H s O)Cy & ], 

Sodium ammonioferrocyanide, Na 3 [Fe"(NHj)Cy 6 ], 6 H t O, 
Sodium aramonioferricyanide, NaJFe" i (NH s )Cy 6 ],H I O t 
Sodium sulphitoferrocyanide, Na s [Fe"(S0 3 )CyJ,9H,0 l 
Sodium areenitoferrocyanide, Na 1 [Fe' I (AsO l )Cy 5 ],10H 2 O. 

The substituted fcrrocyanidcs are yellow or reddish-yellow, 
crystalline salts, which give blue precipitates with ferric Balts, 
and brownish-Ted precipitates with copper salts. The sub¬ 
stituted ferricyanides have a deep carmine-red or purple colour, 
and give no precipitate with ferric salts, and pale green pre¬ 
cipitates with copper salts. All these compounds are converted 
into sodium ferrocyanide by boiling with sodium cyanide solution. 

Ikon Thiocyanates. 

580 Ferrous Thiocyanate, FefSCNJ^SHjO, is obtained in 
large pale-green, monoclinic crystals by dissolving iron wire 

* Aanotn, 1900,312, I. Compare Virgiii, Zdl. etui. Clum., 1006, 45, 409. 




. in concentrated thiocyanic acid and evaporating the liquid in 
absence of air. The salt dissolves readily in water, alcohol, 
or' ether, and becomes red-coloured on exposure to the air. 

Feme Thiocyanate, Fe(SCN)„3H,0.—This compound is 
obtained in the pure state when a mixture of anhydrous ferric 
sulphate and potassium thiocyanate in equivalent proportions is 
treated with alcohol and the solution evaporated over sulphuric 
acid in a vacuum. Dark red or almost black cubical crystals 
are deposited, and these dissolve readily in water, alcohol, or 
ether. The production of this intense colour on the addition of 
a thiocyanate serves as a delicate test for ferric salts in solution. 
If a concentrated aqueous solution is shaken with,ether it be¬ 
comes colourless and the ether attains a purple-red colour. The 
aqueous solution is also decolorised in presence of reducing 
agents as well as on treatment with mercuric chloride or gold 
chloride. 

A solution of ferric thiocyanate is not permanent, and the 
colour graduaQy fades when tho solution is allowed to stand at 
the ordinary temperature. 1 This bleaching is due to the pro¬ 
gressive reduction of the iron to the ferrous oondition, and in 
the corresponding oxidation of thiooyanate which occurs, carbon 
dioxide, sulphuric acid, and ammonia are formed. 4 

The reaction between a ferric aalt and potassium thiocyanate 
in aqueous solution is not complete when equivalent quantities 
are employed, and the state of equilibrium produced in any 
mixture of the two depends on the dilution, the temperature, 
and the relative proportion of the two salts present.® When 
the deep red solution is diluted so as to be almost colourless 
addition of potassium thiocyanate restores the colour, 

The iron thiocyanates form double salts with other thio¬ 
cyanates, which are analogous to the ferro- and fern-cyanides, 
and have the general formula M‘ t Fe(CNS), and M' 3 Fe(CNS) 6 . 
Unlike these, however, they are very unstable substances and 
are completely dissociated by water into the constituent salts . 4 

1 Sm, for eiample, Otrum, Zeil. anal. Ckem., 1904, 43, 162; Stokei and 
Cain, J. Ancr. Ckem. Sec., 1907,28, 412.446. 

* Philip and Bra alloy, Joan a. Ckem. See., 1913, 103, 79S. 

* KrOn and Horaht, Her., 1S89, 22, 2061; Zeil. an org. Ckem., 1892,1, 399; 
If ago on ini, ZiiL pkpnkal. dke a., 1891, 8, 1; Vernon, Che m. New, 1892, 68, 
177 el «$.; 1893, 67, 66; Glod-tont, ibid., 1893, 67, 1. 

4 Koooohelm and Cohn, Zeil. oaerj. Ckem., 1901, 87, 280. 
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Iron and Silicon. 

581 Silicides of Iron .—Iron can readily be alloyed with silicon, 
and since silica and silicates are reduced by carbon in the presence 
of iron, all cast iron contains silicon, probably aa a silidde. 

The compound FejSi is obtained by heating iron or ferric 
oxide with silicon in the electric furnace, and forms magnetic 
prisms of specific gravity 7. It is readily attached by hydro¬ 
fluoric acid, 1 and by sulphur chloride.’ 

Compounds of the formulae FeSi, FeSij, and FcjSij have also 
been described. 8 

Mixtures qf iron and silicon, known as “ ferro-silicon " and 
containing up to 90 per cent, silicon, arc prepared in the electric 
furnaco on a large Beale. Under certain conditions ferro-silicon 
is liable tq decompose, giving off poisonous gases.* 

Silicales of Iron. —Several ferrous and ferric silicates occur in 
the mineral kingdom, but they are more frequently found as 
double silicates, in which the alkali metals and the metals of the 
alkalino earths are present. These are generally iBomorphous 
mixtures in which ferric oxide is replaced by alumina, whilst 
lime, magnesia, and the alkalis are substituted by ferrous oxide, 
manganous oxide, etc. For a description of these compounds 
works on mineralogy must be consulted. 

The Iron Tree.— In Glauber’s description of the preparation of 
oleum mortis (p. 1277) the following passage occurs:—“ When 
such a red massa before it deliquesce* to an oleum is laid in 
oleum arena vet silicum (the modern sodium silicate) for one or 
two hours, a tree grows out of it, with roots, stems, many branches, 
and twigs, wonderful to behold.” This phenomenon depends 
upon the fact that water-glass, which contains always some 
carbonate, decomposes the ferric chloride into ferric silicate 
and basic ferric carbonate, whilst bubbles of carbon dioxide 
are given off, and thus filiform processes are produced. In 
place of the ferric chloride, ferrous chloride, cobalt chlofide, 
nickel chloride, copper nitrate, and many other easily soluble 

1 Moiuan, Com pi rend., 1895, 121, 621. 

1 Nioolardot, Ibid., 1908, 147, 876. 

' Compare Guertler sad Tammacn, Ztit. aiurf. Cktm., 1906, 47, 163; 
Viguumtu, Compt. mi., 1906, 141, S28; Ver.tetti, dan., 1906, 86, i, 498- 
Mumk&mi, Sci. Rep. TotuJn, Imp. Unit., 1921,10,79. 

4 See Ztit. Nakr. Gtmam., 1909, 12, 132; J. Set. Cktm. Ini., 1907, 26, 
96S; 1909, 28. 26, 143; 1910, 28, 154, 280, 366, 936; Btaki uni Eim, 1912, 
88,267. 
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metallic salts may be employed, and thus a aeries of differently 
coloured coral-tike growths may be produced. 

Detection' and Estimation of Iron. 

582 A bead of microcosmic salt or borax is coloured dark- 
green by ferrous aalts. This colour readily changes to a yellow 
or reddish-brown by oxidation. On cooling, the colour becomes 
less distinct, disappearing altogether if only traces of ferric 
oxide are present. Iron can also be detected in the dry way 
by Bunsen’s test. For this purpose, the compound is heated 
on tho end of a carbonised wooden match, which has previously 
been impregnated with fused sodium carbonate, held in the reduc¬ 
tion zone of the non-luminous gas flame. The whole is then 
rubbed up in an agate mortar with a little water, the particles 
of iron being extracted on the point of a magnetised knife-hlade. 
Tho adhering particles of finely divided iron arc brought on to a 
small piece of filter paper, dissolved in a drop of aqua regia, and 
a drop of potassium ferrocyenide added, this confirmatory test 
being necessary since nickel and cobalt are also magnetic. 

The iron compounds do not impart any colour to the fion- 
luminous gas flame. The spectrum of the motal is extraordinarily 
rich in lines, more than 4,500 having been measured. A dark 
line in the solar spectrum corresponds to each of the bright lines 
in the visible part of the spectrum. 

In solution, ferrous salts immediately give a dark blue precipi¬ 
tate with potassium fcrricy&nide, whilst ferric salts are coloured 
dark brown by this reagent, no precipitate being formed. Ferric 
salts give a blue coloration or precipitate with potassium ferro- 
cyanide, and ferrous salts, which, owing to absorption of oxygen 
usually contain larger or smaller quantities of ferric salts, give 
a bluish-white precipitate, and this on shaking with air assumes 
a dark blue colour. Ferric aalts are readily detected by the blood- 
red coloration which they produce with soluble thiocyanateB. 

With alkalis ferrous salts give a white, or usually greenish 
precipitate, which quickly changes to a dark-green colour on 
exposure to air, and afterwards becomes brown. Ferric aalts 
at once give a reddish-brown precipitate. 

It has been stated already that manganese is obtained together 
with iron in the course of qualitative analysis and the mode of 
their separation has been described, The precipitate containing 
feme hydroxide may also contain uranium. This is readily 
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separated by digesting the precipitate with a concentrated 
solution of ammonium carbonate. The washed residue is then 
dissolved in hydrochloric acid and the confirmatory test for irfln 
applied. 

In the processes of quantitative analysis iron is estimated 
both gravimetrically and volumetrically. In the first case the 
iron must be present as ferric salt. Ferrous salts are, therefore, 
previously oxidised with nitric acid and then precipitated with 
ammonia, the precipitate is washed with boiling water, dried, 
ignited, and weighed as the sesquioxide. If the solution should 
contain tartaric acid, sugar, or other -organic compounds, 
ammonia produces no precipitate. In these cases the iron 
must be previously precipitated as Bulphide; this is well 
washed with water containing ammonium sulphide, dissolved 
in nitric acid and tho iron precipitated with ammonia; or the 
organic compound may be destroyed by ignition. If other 
metals precipitable by ammonia and ammonium sulphide are 
present, the iron can be separated by adding sodium or ammonium 
formate, acetate, or succinate to the neutral solution and boiling, 
when basic ferric formate, acetate, or succinate is thrown down. 
This is filtered whilst hot, washed with boiling water, dried, 
ignited, and weighed us forrio oxide. The precipitate may 
contain alumina, and this must then' be separated by means 
of caustic potash. For the separation of iron from various 
other metals the use of nitrosophenylhydroxylamine, known 
as “ cupferron,” has been proposed. 1 

The chief volumetric processes for the estimation of iron depond 
upon the amount of oxygen required to convert it from the 
ferrous into tho ferric form, and the solutions to be tested must 
first have the iron completely reduced to the ferrous state. For 
this purpose many reducing agents may be employed, the 
methods most frequently used being (1) treatment with zinc or 
aluminium in acid solution, (2) treatment with sulphuretted 
hydrogen, (3) boiling with ammonium bisulphite solution, 

(4) addition of stannouB chloride to the boiling solution, and 

(5) shaking the solution acidified by hydrochloric acid with 
a little mercury.* In the case of (2) and (3) the excess of 
reducing agent is removed by boiling, and in (4) the excess of 
stannous chloride is precipitated by addition of mercuric chloride. 

1 Baudiaoh, Chan. Zdl, 1900, 88, 1208; BUtx and HSdtte, Zdl. anorg. 
Chan.. 1010, 68, 420; Tnnewus, Zdt. anal. Chat., 1911, 50. 38. 

1 MoC&y and Anderson, J. Ana. CM m. 8oc., 1921,48, 2372. 

VOL. II. (11.) 
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The oxidising medium employed is a standard solution of 
potassium permang&natf or dichromate, these being standardised 
by means of pure iron wire, recrystallised oxalic acid, or pure 
ferrous ammonium sulphate, FeS0 1 ,{NH 4 ),S0 4 ,6H,0, the latter 
containing exactly one-seventh of its weight of iron. In carry¬ 
ing out the permanganate method, the ferrous solution prepered 
as above described is acidified with sulphuric acid and titrated 
with the permanganate solution until a permanent'pink colora¬ 
tion is produced. Permanganate cannot, however, be used when 
hydrochloric acid is present without special precautions, and 
in that case it is better to employ dichromate, which may also 
be used in presence of sulphuric acid. The completion of the 
reaction is ascertained in this case by bringing a drop of the 
solution in contact with a very dilute freshly prepared solution 
of potassium ferricyanide, free from fenocyanidc, on a white 
porcelain plate; the dichromate is added until no bine coloration 
is obtained. 

Methods have also been proposed for tbe direct volumetric 
estimation of feme iron, without a preliminary reduction to the 
ferrous Btate. The reducing agent chiefly employed for this 
purpose, in the form of a standard solution, is titanium tri- 
cliloride (p. 842), potassium thiocyanate being added as indicator 
to the acidified solution of the ferric salt. The titration is carried 
out in an atmosphere free from oxygen, and the addition of titan¬ 
ium trichloride is continued until tho red colour due to ferrio 
thiocyanate has disappeared. 1 

The Atomic Weight of iron has been accurately determined by 
several chemists. Svanberg and Norlin, 5 by reducing the oxide 
in hydrogen, obtained the number 56-09; Berzelius foilnd 56-05 
by oxidising the metal with nitric aoid, and Erdmann and 
Marchand, 3 who reduced the oxide in hydrogen, obtained 56-02. 
Maumen4, 4 dissolving pure iron wire in nitrio acid and pre¬ 
cipitating with ammonia, found the number 56-00; and Dumas, 6 
by the analysis of ferric chloride, obtained 66-23, whilst the 
aualysis of ferrous chloride gave 56-09. By the reduction of 
ferric oxide, obtained from carefully purified ferrio nitrate, with 
hydrogen, Richards snd Baxter obtained the value 55-88 and 
from the amount of silver bromide yielded by ferrous bromide, 

1 See Kaeoht sod flibbert, New Reduction Mttkoit m Vtfomttric Analyti* 

(LoDgmuB, 1910}. 

■ AnnaUn, 1844, H, 4SS. > Ibid., B, 212. 

* Ann. CM*. Pbf ... 1880, [3J, 30, 330. * Ibid.. 1889, [31K. 157. 
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the number 66 85. 1 The value at present (1922) adopted is 
55-84. 

An examination of the mass spectrum of iron indicates that 
the element is a simple one and not a mixture of isotopes. The 
atomic weight as given by this method is 55‘91 ± 0'05. There 
is possibly an isotope present in very small amounts of atomic 
weight 51. 2 


COBALT. Co = 58 ' 97 . At. No. vj. 

583 The word cobalt occurs in the writings of Paracelsus anu 
Agrioola as well as in those of “ Basil Valentine ”; two mean¬ 
ings were attached to this name; in the first place it signified a 
sprite or goblin supposed to haunt the mine, whilst in the second 
place it was used to denote certain minerals, which are too 
imperfectly described for exact identification. It appeare, 
however, that in this latter sense it was employed to designate 
minerals which, although they possessed the appearance of a 
well-known metallic ore, did not yield any of this metal when 
subjected to the usual treatment. Hence the word came to 
signify a false ore. In later times the same name was given to 
the mineral which was used for the purpose of colouring glass 
blue, and is still employed for the preparation of smalt. In 
1.735, Brandt stated that the blue colo'ir of smalt depends 
upon tho presenco of a peculiar metal to which he gave the 
name kobalt-rex, and in 1742 he showed that the colour of 
smalt does not depend, as had been believed, upon the presence 
of arsenic and iron, metals which are usually found in cobalt 
ores, for he found that some of these ores oocur free from arsenic, 
and that these likewise give the blue colour. The new metal 
was stated to be magnetic and extremely infusible. These 
observations were confirmed by Bergman in 1780. 

Cobalt does not occur in the free state in nature, and its ores, 
which usually contain niokel, are not very widely distributed. It 
is found as linnaeite, (Co,Ni,Fe)jS t ; skutterudite, CoA^; speiss- 
cobalt or smaltitc, (Co,Ni,Fe)As,; cobaltite or cobalt glance, 
(Co,Fe)AsS; earthy cobalt, or wad, (CO,Mn)0,2Mn0,,411,0; 
erythrite, or cobalt bloom, Co a (As0 4 ),,8H,6, etc. 

1 ZtU. awry. Ohm., 1000, 28. 245; 1904, 88 , 232. Compare Baxter and 
othere, J. Am. Cbm. &*., 1911.88.310, 337; 1912,84,1857. 

* Alton, Nature, 1053, 110. 312. 
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The bulk of the cobalt of oommerce is obtained from the 
district surrounding Cobalt city, in Ontario, where there are 
rich silver ores containing a notable proportion of cobalt and 
nickel, chiefly as arsenides. Deposits' of oxides and sulphides 
of cobalt and nickel occur also in New Caledonia. Cobalt is 
almost always found as a constituent of meteoric iron, and its 
presence has been detected in the solar atmosphere. 

.Treatment of Cobalt Ores .—For the preparation of cobalt 
compounds, speiss-cobalt or other arsenical ores are employed. 
These, after roasting or calcination in the air, yield an impure 
cobalt arsenate which conies into commerce under the name 
bf zaffre, and is further worked up &b hereafter described. The 
cobalt ores, however, mostly contain large quantities of nickel 
and iron as well as other metals, and for this reason they are 
usually smelted in order to get rid of the greater part of the 
iron, the process employed being similar to that which is used 
for the extraction of copper. The roasted ore is fused with a 
flux of calcium carbonate or sand, when the iron slag flows on 
to the surface while the cobalt remains below as a heavy spews 
or stone. The roasted ore or the speiss is then dissolved in 
strong hydrochloric acid, any arsenate of iron which may be 
present being precipitated by the careful addition of bleaching 
powder solution and a small quantity of milk of lime; the clear 
supernatant liquid is drawn off, treated with sulphuretted 
hydrogen for the purpose of separating copper, bismuth, etc., 
and the oxide of cobalt is then precipitated from the clarified 
solution by bleaching powder. The oxide thus obtained is 
washed and ignited, and this is brought into the market and 
largely used for colouring glass and porcelain, as well as for 
the preparation of the chloride and nitrate of cobalt. This 
oxide usually contains iron, nickel, and other impurities. 

In the case of the New Caledonia ores, consisting chiefly of 
sulphides, the cobalt, nickel, etc., are converted into sulphates 
either by careful calcination at a moderate temperature, or by 
treatment with ferrous sulphate solution. The cobalt is then 
separated from the other metals which form soluble sulphates, 
and is finally obtained as oxide. 

A small amount of oobalt is extracted in the form of oxide by 
the treatment of ora and metallurgical products containing 
nickel by a wet method. These materials are roasted sweet 
(i.e., free from sulphur and areenio), and the oxide* thus formed 
dissolved in hydrochloric or snlphnrio add. The aolntion is 
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then treated as described above for the separation of iron, the 
metals which are precipitated by sulphuretted hydrogen, and 
cobalt. The liquid resulting from the separation of the cobalt 
is further treated with milk of lime for the separation of nickel 
hydroxide, which is afterwards reduced to metal 1 

584 Preparation of Metallic Cobalt.— This metal is obtained 
as a grey powder by igniting the oxide in a current of dry hydrogen 
or carbon monoxide, or by reduction of the oxide with carbon or 
aluminium . 1 By strongly heating the oxalate under a layer 
of powdered glass the metal can be obtained as a coherent 
masB, and this may be fused to a regnlus by beating it in a 
cruciblo made of lime, magnesia, or graphite. 

Pure cobalt may be obtained, according to Winkler , 1 by elec¬ 
trolysing a solution of pure cobalt sulphate in presence of ammon¬ 
ium sulphate and ammonia, platinum electrodes being used. 
The metal thus deposited invariably contains a small amount 
of oxygen (0-2—0-3 per cent.), and must therefore be heated in 
pure hydrogen. Pure metallic cobalt may be obtained also 
by heating cobalt carbonyl to a suitable temperature . 4 

Cobalt possesses the colour of polished iron; it is, however, 
harder than this metal. It melts at 1490°, 5 and may be distilled 
in the electric furnace . 8 It is malleable and very tough; it is 
magnetic up to 1160°, and has a specific gravity of 8-8 at 15°.’ 
Cobalt in the form of powder absorbs oxygen from the air, often 
with ignition; the compact metal, however, docs not undergo 
change at the ordinary temperature, but slowly oxidise* when 
heated, and at a very high temperature burns with a red flame. 
The metal bums also at 150° in nitric oxide, forming the monoxide . 19 
It is capable of absorbing 59-153 volumes of hydrogen, accord¬ 
ing to the physical state of the metal and the temperature. 
The metal is readily soluble in hydrochloric, dilute sulphuric, 
and nitric acids, and decomposes steam at a red heat. It may 

1 For other methods of treating oobslt ores, see I'ederecn, bltlaUurgit, 1011, 
9, 335; Berth, ibid., 1913,9,199. 

1 80 s Report on Reduetion 0 } Caboll Oxide; Departnrnt of Kina, Canada, 
1913, No. 269. 

* Zeii. arurrg. Ckm., 1806. 8.1. 

* Eng. Potent 13207 ; 20/9/1908. 

1 Day and 8cumin, Amer. J. Set., 1910, t9, 181. See alio Kalmrm and Harper, 
J. Ind. Eng. Chem., 1915,7,6- 

« Moiraan, Annolm, 1908. 85t 810. 

’ Copaux, Compt. read.. 1908,140. 867. Boo also Kalmiu and Harper, loc. 
eit. 

* Satatier and Senderesi, Comp/, rend., 1892,114, 1429. 
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exist in the passive stfte, but exhibits this property to a less 
extent than moke!. 1 

Cobalt combines with boron to form a crystalline compound 
which resembles the corresponding nickel compound, and is 
obtained in a similar manner. 1 

The character of the alloys which cobalt forma with other 
metals has been investigated by the method of thermal analysis, 
controlled by microscopic observations. 1 

Nickel and cobalt separate from their fused mixtures in mixed 
crystals, the composition of which is approximately that of the 
liquid from which they are deposited. 4 

Cobalt may be used for electroplating. A sofution of 200 
grams per litre of crystalline cobalt ammonium sulphate gives 
satisfactory coatings with a current density of 4 amperes per sq. 
dcm., but current densities up to 26 amperes per sq. dcm. may be 
employed with a solution made as follows: cobalt sulphate, 
312 grams j sodium chloride, 19-6 grams; boric acid, nearly to 
saturation; water, 1 litre. The deposition is then very much 
more rapid and the deposit much harder than in the case of nickel, 
so that thinner coatings suffice and they aro also superior in 
appearance. 5 

1 Hittnrf. ZeiL phi/nital. Chen., 1000, 84, 386; Bye™, J. Amu. Chrm. Soe.. 
1008, 30.1718; Byera and King, J. Amtr. Ckrm. 8oc., 1919,41,1902, 

’ See <lu Juaonneix, Con pi. read., 1007,14th 240. 

• See Sell men, tot. niurg. Cbm., 1908,57, 1; Uwyor, Hid.. 113; Lowkonja, 
ibid., 69. 203; Dueclliw, Bull. See. rbm., 1011, (4], 9, 1017; Hiego, Ztil. 
arnirg. Chrm., 1913,83,262; lleyilt end Teinmonn, i bid.. 240; Knit, it-Jail und 
fin, 1922, 19, 137. 

1 tluortfcr Mid Tammann. Ztil. awrg. Chen., 1904, 49, 363;' lluef and 
Ker.ek", UtttBwrgk, 1912, 9, 422. See Ruor and Kaooko, i'ernm, 1913, 
10,267. 

1 Kalin in, Harper, and Saveli, J. tnd. Rng. Cbm., 1016,7, 379. 
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COMPOUNDS OF COBALT. 

Cobalt and Oxygen. 

585 Cobalt forma three well-defined oxides : 

Cobalt monoxide, CoO, 

Cobalt sesquioxide, CojOj, 

Tricobalt tetroxide, Co/),. 

In addition to these, the dioxide, CoO,, probably exists, and 
several others such as Co 8 0 #> ‘ Co /),, 1 Cofig* and Co,O s * have 
been described , 5 but are probably mixtures.* 

Of these oxides, the first, CoO, is a well-marked basic oxide, 
corresponding to the stable cobaltous salts in which the metal 
is divalent. The sesquioxide acts as a feebly basic oxide; 
the corresponding salts are unstable and are easily reduced to 
cobaltous salts. The dioxide appears to have a decided acidic 
function, and several stable cobaltites are known. 

Cobalt Monoxide or Cobaltous Oxide, CoO.—This compound 
is the stable oxide of cobalt when calcination takes place at 
1000 ° and may be obtained by reducing the higher oxide by heat¬ 
ing it either in a current of hydrogen to a temperature not above 
250°, or in a current of carbon dioxide to redness until its weight 
is constant (Russell ). 7 It is a light brown powder, which docs 
not alter in the air at the ordinary temperature. When heated 
in the electric furnace, it melts and yields rose-coloured needles. 

Cobaltous oxide combines with certain metallic oxides when 
they are heated together, a flux such as potassium chloride 
being usually employed. With others, it forms solid solutions. 
Many of these substances are beautifully coloured and are 
used as paints and pigments. With aluminium oxide at 1100°, 
a blue compound, Co0,AS,0 8 , is produced, and above this 
temperature a green one of the composition 4Co0,3Al s 0 8 . s The 
blue substance is known as Cobalt blue, Cobalt ultramarine, 
Thenari's Hue, or Azure blue. Its exact colour and composition 

1 Beil, a sal. Chen., 1668,7, 338; J. pr. Oum., 1868,68,131. 

• Pon. Ann., 1844,61, 472; 1881,84,880. 

• Jahraber., 1888, 288. * Jrnrn. Chem. Soe., 1890, 58, 1213. 

• See »l»o Taylor, Mm Munch. Phi, Soe., 1903, [ 8 ], IB, 1. 

• 8 eo Wohler and Bob, Zril. AfeKroele1821, K, 408. 

• J own. Glum. Soe., 1883,16, 81. 

• Hedrsll, Artiv Km. Min. Gat., 1914,1, No. 18,1. 
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depend upon the method of preparation, and as the cobalt is some¬ 
times precipitated with Sodium phosphate or arsenate it may 
contain cobalt phosphate and arsenate. With stannic oxide, the 
dark green compound, 2CoO,SnO s , that is, cohalt orthostannate, 
COjSr.Oj, is obtained. 1 If excess of stannic oxide bo employed, 
the resulting mass acquires a blue shade, and the greater the 
excess the more pronounced does the blue colour become. This 
substance is also manufactured and known as Caruleum, Offline, 
or Bleu Celette. With zino oxide, the green cobalt zincato is 
produced, and this forms solid solutions with excess of zino oxide. 9 
The Bubetance is known as Cobalt green, or Rintnann's green. 
With chromic oxide a green chromite, CoO.OjOj, L; obtained 9 
which in the presence of excess of the oxide gives a bluish mass 
the exact shade of which depends upon the proportions of the 
oxides. It is known as New blue. A green vanadate,a tantalate, 
CoO,Ta,O t , and a yellow uranato have also been observed. 2 
With magnesium oxido, cobalt oxide formB solid solutions the 
colour of which depends on the relative proportions of the 
oxides and varies from light to dark red. 3 The mass is known 
as Cobalt red. Solid solutions also result with manganous oxide 
and with nickelons oxide. 4 

Coballoua Hydroxide, Co(OH),, is obtained by precipitating a 
cobaltous salt with caustic potash in the absence of air. A 
blue precipitate is first obtained, and this, on boiling, is quickly 
converted into a rose-red coloured hydroxide. The blue pre¬ 
cipitate was regarded as a basic salt, but Hantzsch s has shown 
that any basio Balt present can be washed out without any change 
of colour occurring. Both the blue and rose varieties are hydr¬ 
oxides which differ only in the manner in which the water is com¬ 
bined. The blue compound is completely dehydrated at 170°, 
whereas the roso compound retains some water even after pro¬ 
longed drying at 300°. The blue compound has therefore 
been given the formula CoO,H,0 and the rose compound Co(OH) a . 
It absorbs oxygen from the air, the colour changing to brown, 
and dissolves in hot very concentrated potash, crystallising out 
on cooling in microscopic prisms. 4 

1 HedviU, AM v. Kent M in. Otd., 1914, 5, No. IS, 1. 

* Ibid., Zeit. onotg. Cbm.; 1816,83, 313; ibii., 1910,90.71. 

* Ibid., 1914,80,996. 

* Ibii., 1816,«, 381. 

* Zeit onerg. CSm., 1912,73,304. 

1 De Scboheo, Comp, rod., 1839, 108. 260. Compare Job., ibid., 1907, 144, 
1044. 




COBALT AND OXYGEN 


1SS3 


The cobaltous salts may be prepared by the action of acids 
on cobaltous hydroxide. They are the most stable of the cobalt 
salts, but undergo oxidation more readily than the corresponding 
compounds of nickel. 'In the anhydrous state they are deep 
violet or blue; in the hydrated condition, rose-red. 

Coballic Oxide or Cobalt Sesquioxide, Co s Oj, U a dark-brown 
powder, formed by gently igniting the nitrate. , 

Cobaltic Hydroxide, Co(OH),, is prepared by precipitating a 
cobalt salt with an alkaline hypochlorite solution. The composi¬ 
tion of this precipitate depends on the conditions under which 
it has been produced, and frequently, especially when prepared 
in the cold,»it contains more oxygen than corresponds to tho 
formula Co a Oj.* The sesquioxide is also obtained in a hydrated 
condition when an alkaline solution of cobalt sulphate is elec¬ 
trolysed, 4 or when a solution of tho same salt is treated with 
potassium or ammonium persulphate. 4 It forms a brownish-black 
powder, which is decomposed by hydrochloric acid with evolution 
of chlorine, and by oxy-acids with evolution of oxygen. 

The sesquioxide and its hydroxide act, therefore, as peroxides, 
but at the same time they possess weak basio properties, inas¬ 
much as they dissolve in well-cooled acids, forming brownish- 
yellow solutions believed to contain cobaltic salts. One of the 
most stable of these compounds is a strongly coloured solution 
obtained by dissolving the bydroxido in acetic acid; this decom¬ 
poses only when heated. The corresponding sulphate and some 
of ito double salts have been isolated in the crystalline form. 

Tricobalt Teiroxide or Coballo-coboUic Oxide, Co 3 Oj.—This 
compound, which corresponds to the magnetic oxide of iron, is 
formed when one of the other oxides or the nitrate is heated to 
a temperature below 910° in the air; 4 thus obtained, it forms 
a black powder having a specific gravity of about G'O. If a dry 
mixture of sal-ammoniac and cobalt oxalate or cobalt chloride 
be heated in the air, or in oxygen, this compound is obtained 
in hard, microscopic octahedra, which have a metallic, lustre 
and are not magnetic. It is obtained in the hydrated state by 
the oxidation of moist cobaltous hydroxide in tho air and also 
by warming .cobaltous hydroxide with excess of potassium 


1 Carnot, Comjd. rind., 1889, 108, 910; Schroder, Jovn i. Chem. Soc., 1890, 
58, 1213; Hflttner, Ztil. anarj. Chem., 1901, 87, 81. 

1 Coohn sad GlSeer, Zeit anon. Chm., 1903,33. 9. 

• Mswrow, Zeit anon. Chem., 1900, 84. 263 j HQttner, foe. cil. 

* See Burgataller, Clem. Zenlr., 1912, ii„ 1625. 
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persulphate, washing and heating the product at 100° with dilute 
nitric acid.* When heated in the oxy-coal-gas flame it yields 
metallic cobalt, which becomes covered with a film of oxide as 
it cools.’ The substance obtained by fusing one of the oxides 
with caustic potash, which was thought to be a potassium 
cobaltite,’ Oo ( 0 I |K t ,3H|0, is probably cobalto-cobaltic oxide 
contaminated with potash, 4 or cobaltous potassium cobaltite. 6 

Cobalt Dioxide, CoOj, has not been obtained in the pure state, ■ 
It appears, however, to be formed as a greenish-black pre¬ 
cipitate when iodine and caustic soda are added to a solution 
of a cobaltous salt. 4 An oxide approaching this in composition 
is also fonned by the action of a hypochlorite on a cobaltous 
salt, and probably brings about the well-known evolution of 
oxygen which occurs when bleaching powder solution is warmed 
with a small quantity of a cobalt salt (Vol. I, p. 245).’ 

According to McConnell and Hanes,* when cobaltous hydroxide 
is suspended in water and tested with hydrogon peroxide, and' 
the liquid filtered, a strongly acid, colourloBS filtrate is obtained 
which appears to contain cobaltous acid, H,CoO s . If potassium 
bicarbonate be added to this filtrate, or if the oxidation bo 
carried out in presence of potassium bicarbonate, a green solution 
is obtained, which probably contains potassium cobaltite, 
K,CoO,. On the other band, Durrant 8 has failed to obtain 
evidence of the existence of this acid, and considers the gTeen 
colour to bo due to a derivative of oobaltic oxide to which he 
assigns the formula [CofKCOj^O. Metrl 10 finds that the green 
precipitate is a mixture of cobaltous carbonate and cobalt 
cobaltite of the composition CoCO„CoCo0 3 . Similar green 
compounds have been obtained with potassium salts of organic 
carboxylic acids and these may be formulated as derivatives of 
the radicle >Co'0’Co<. Sulphuric and sulphurous acids 
decolorise the green solution, but the colour reappears on neutral¬ 
isation with potassium bicarbonate. Acetic acid does not 

’ Mawrow, tcc.dl. * Read, Jam. Chm. B<x„ 1894, 66 , 314. 

• Sebwartenberg, AnnoUn, ISM, 87 , 213; Pebel, ibid., 1858, 100, 267; 
Major, Mi., 1867, Ml, 266. 

• McConnell and Hanoi, Jatm. Cbm. Soc., 1897, 71 , 684. 

1 BeUacci and DominicUdtti R. Acead. Lined, 1907, ( 6 ), 18, 316. 

• Vorlmann, Bn., 1891, 24 . 2744; Mctil, Za'f. awry. Chm., 1914, tt, 358. 

' McLeod, British Amx. Reports, 1892, 969. But we Howall, Jown. Chm, 
Soc.. 1923.128, 86 . 

• Lot. at. 

• Prx. Chm. Soc., 1898, 12 , 96, 244; Jo an. Chm Soc., 1905, . 87 , 1781; 

aeo also Job, ConpL rend., 1698, 127 , 100. 11 hoc. cit. 
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decolorise the liquid, whilst, on winning with sulphuric acid, 
a pink solution of cobaltous sulphate is obtained., . 

Barium Cobailile, !BaO,CoO„ and Barium Dicobaliile, 
BaO,2CoO t , ate formed in black crystals when cobalt sesqui- 
oxide is fused tfith .baryta and barium chloride. 1 These 
compounds evolve chlorine when treated with hydrochloric acid. 

MagnesivmCobaUite, MgO,CoO f ,is formed as a deep garnered 
mass when magnesia is fused with cobalt sesquioride in the 
electrio furnace. 2 

CobaUous Cobaltite, CoO,2CoO,,2H a O, is obtained by fusing 
cobaltous oxide with potassium peroxide, washing the cooled 
mass first #ith water and then with dilute sulphuric acid, and 
finally again with water, and drying over phosphoric oxide in a 
vacuum. It forms six-sided plates, and evolves chlorine when 
treated vfith hydrochloric acid. 2 


Cobalt and the Halogens. 

586 CobaUous Fluoride, CoF a , is obtained by dissolving the 
oxide or carbonate in hydrofluoric acid ; 4 on evaporation, rose- 
red crystals are deposited having the composition CoF a ,2H a O: 
these are decomposed by boiling with the formation of a 
light red, insoluble oxyfluoride. The anhydrous fluoride is 
prepared by heating the chloride with ammonium fluoride in a 
ourrent of hydrogen fluoride, and forms rose-coloured prisms 
slightly soluble in water . 6 It forms double salts with the alkali 
fluoridea , 0 and absorbs dry ammonia to give the reddish-brown 
liquid hexammoniatc, CoFj.ONH,. This loses ammonia in dry 
air giving the light pinkish-brown triammoniate, CoF t ,3NH„ 
which loses all its ammonia at 40V 

Vobaltic Fluoride, CoF a , is obtained as a green powder when a 
saturated solution of cobaltous fluoride in 40 per cent, hydro¬ 
fluoric acid is electrolysed in a platinum dish which acts as anode, 
a platinum wire being employed as cathode. It iB decomposed 
by water with formation of cobaltic hydroxide . 8 

1 Rouieau, Com j* rad., 1889,106, 64. » Dufau, Hid., 18011,123. 239. 

* Hofmann and Riondbnaier, Err., 101X1, 82. «1188. Compare Belluoci anil 
Dominioi, AM B. Aeead. Lnai, [ 6 ], 1907,16,1., 316. 

* See Edmiruter and Cooper, J. Amir. Chan. Boc., 1920, 43, 2419. 

‘ Poulenc, Comft. rend., 1892,114, 1420. 

1 Compare Bolun, Zeit. morf. Ckem,, 1905, 43, 326. 

' Clark and Boolnar, J. Amer. Ckem. Boc., 1922,44, 280. 

* Barbieri and Calzolnri, AM B. Aeead. Lincei, 1905, [61 14 , i-, 464. 
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Cobalt Chloride, OoCL—Powdered metallic cobalt takes fixe 
when warned in chlorine gas, forming blue, crystalline scales of 
the anhydrous chloride, which can be readily sublimed in a 
current of chlorine. They dissolve in alcohol, forming a blue 
solution, and on addition of water first beootfie violet, and then 
rose-coloured. Cobalt chloride is obtained in aqueous solution 
by dissolving the carbonate, or one of the oxides, in hydrochloric 
acid; short, dark red, monoclinic prisms crystallise on cooling 
the concentrated warm solution; these possess the composition 
CoClj,6HjO, and have a specific gravity of 1-84. When these 
crystals are allowed to stand over sulphuric acid at 50°, the 
rose-coloured dihydratc, CoCl 2 ,2H a O, is formed, and when 
heated to 100° the deep violet monohydrate remains, which at 
110-120° yields the blue, anhydrous chloride. A hydrate with 
4HjO has also been obtained. 1 A strong aqueous solution 
is rose-coloured, but becomes blue when it is heated, and when 
concentrated hydrochloric or sulphuric acid or alcohol is added. 
The rose colour is restored when the chloride of zinc, mercury, 
antimony, or tin is added to the solution which has been rendered 
blue by hydrochloric acid. These changes of colour have heen 
attributed by some to the formation and decomposition of double 
salts or complex ions, by others to the hydration and dehydration 
of the cobalt salt. 1 

An unstable compound, CoCl,,HCl,311,0, separates in blue ' 
crystals at -23° from a saturated solution of cobalt chloride in 
hydrochloric acid. A corresponding lithium compound is known 
which is also blne. a A compound with iodine trichloride, 
CoCl,,2ICl„8H,0, forms orange-red crystals. 1 

When anhydrous cobalt chloride is treated with ammonia 
the compound CoC 1,,<)NH 3 is formed. 6 It is also obtained as 
dark rose-red crystals by passing ammonia into a saturated 
solution of cobalt chloride in methyl acetate.* 


' De Cooinck, Bull, Ami. rog. Brig., 1004,1170. 

• See Engel, Bull. Sue. mm., 1801, 8, 230; PotiliUine, it id., 284; fitard, 
Comp, mi., 1891. 113, 699; Chirpy, ,W„ 7M; Sabatier, (bid., 1888, 107, 
42; Donoan and Basse!!, Joun. Chm. Soe., 1902, 8L 939; Hartley, ibi/t, 
1903, 88, 401; Moore, Z6L partial. Clem., 1900, H, 041; Lewis, <M., Sfl, 
223; Benrath, Zeit. rmorg. £hem., 1907, 64, 328; Denham, Zeil. phyiiM. 
Chm., 1909, tt, 841; Houston!, Proe. Ron. Soe. Sim., 1911, 81, 821-658; 
Kotscbnbei, J. Buu. Phgt. Chm. Sot., 1914,46.1056. 

• Chassevaot, Ann. Chin. Phyi., 1893, [6], 80, 6 . 

< Welnland and Sehtegelmllch, Zeil anorg. Chen., 1902, 80. 134. 

• Ephraim, Ber., 1912,48,1322. 

< Kaumann, ib'.d . 1909, 42, 3789. 
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Sympathetic Inks .—If a dilute solution of the chloride be 
used as' an ink, the writing is not visible when it is allowed to 
dry in the air, but on warming, the characters appear of a bright 
blue colour, disappearing again gradually on standing in the air, 
owing to the absorption of moisture. 

From this property the cobalt salts have been employed 
for the manufacture of the so-called sympathetic inks ; by this 
is understood any liquid the writing of which is invisible under 
ordinary conditions, but can be rendered apparent by some 
simple treatment. The first attempt at the preparation of 
such an ink depended upon the fact that a solution of lead 
acetate becomes black when treated with a decoction of orpi- 
ment in mflk of lime. These two liquids were mentioned by 
Lemery in 1681 aa " encres appell6os sympatbiques.” In the 
treatise termed The Key to unlock the Cabinet of the Secrets of 
Nature, published in 1705, a method for preparing a sympathetic 
ink from certain bismuth ores is described. The peculiar pro¬ 
perties of this ink were believed to be due to bismuth, but in 
1744 Gessner proved that the cobalt in the ores was the active 
agent in the production of the ink. This property of the cobalt 
Balts to change colour from rose to blue on loss of water has 
been applied also to the construction of floral hygrometers. 
Artificial flowers are prepared, the petals of which are tinted 
with cobalt salts. In damp weather the flower is pink, in dry 
weather violet or blue. This invention is a Parisian one, and 
dates from 1870. 1 

CbbciU Bromide, CoBr,.—If bromine vapour is passed over 
metallic cobalt at a dark-red heat, a green fused mass of the 
anhydrous bromide is formed. By treating finely divided cobalt 
with bromine in dry ether, the compound CoBr 2l (C,II 6 ),0 is 
obtained as a green substance which, on heating, yields the 
anhydrous cobalt bromide, CoBr,. 8 The anhydrous salt absorbs 
water from the air, yielding a dark red liquid. This solution 
ib obtained also by bringing cobalt, bromine, and water together; 
if the solution is allowed to stand over sulphuric acid, dark red 
prisms having the composition CoBr s ,GH t O are deposited, and these 
when heated to 100° give a purple mass containing CoBr 4 ,2H J 0, 
which at 130° yields the anhydrous bromide as an amorphous, 
green mass (Bammelsberg, Hartley). Several other hydrates 
are also known. 1 Cobalt bromide forms a hexammoniate, 

1 8eo VanTno, Arc*. Pham., 1917, 8SI, 81. 

* Duoelliw and Raynaud, CampL rend., 1914,158,2002. 

. ■ Qnaremhl, AttiR. Accad. 3d. Torino, 1913,48,929. 
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CoBi„ 6 NH 8 , which is prepared in the same way aa the correspond¬ 
ing chloride compound. . It forma pale rose-red crystals which 
on heating to 120 ° decompose, yielding the diammoniate, 
CoBr 8 ,2NH 8 , whioh is light blue in colour . 1 

Cobalt Iodide, CoI s .—This substance is obtained in the anhy¬ 
drous state by heating the metal in iodine Vapour. It is also 
produced with evolution of beat when finely divided cobalt 
• is gently warmed with water and iodine. The saturated solution 
is red up to 20 °, and then passes through brown and olive to 
green at 36°. When poured into a saturated solution of mag¬ 
nesium chloride, a blue solution is formed (£tard). The hydrate, 
CbI 2 ,6H 8 0, is dark red, whilst the tetrahydrate and the dihydrate 
are green, and the anhydrous salt resembles iodine. Double 
salts of this compound with other iodides are known . 1 Cobalt 
iodide gives two amraoniates, CoI s , 6 NH 8 and CoIj^NHj. 

Cobalt Chlorate, CofClOJ* is a somewhat unstable salt, which 
forms various hydrates . 1 

Cobalt Perchlorate has also been prepared . 4 

Cobalt Iodate, Co(IOj)j, crystallises from water in three forms : 
as anhydrous salt, aa dihydrato, and as tetrahydrate. 4 

Cobait and Sulthvb. 

587 Cobalt Monosulphide, CoS, is obtained as a black, hydrated 
precipitate when a solution of a cobalt salt is mixed with ammon¬ 
ium sulphide. It dissolves in concentrated hydrochloric acid 
with evolution of sulphuretted hydrogen. The cold dilute acid 
dissolves it but slowly, whilst it is almost insoluble in dilute 
acetic acid. The monosulphide is found as an Indian mineral 
known as syepooritc, occurring in ancient schists in grains or 
veins of a yellowish steel-grey colour. It may be made arti¬ 
ficially by heating cobalt sulphate with barium sulphide and 
sodium chloride. 

When the monosulphide is mixed with sulphur and the mixture 
ignited in a current of hydrogen, the following sulphides are formed 
according to the temperature employed: CoSj, CojS* CoS; and 
at a white heat, Co,S (H. Rose). 

1 Neumann, toe . cti. 

> Dobroaeidoff, J. Butt. ?>yi. Chen. Six., 1901, 88, 303; Moanlor, Am. 
Chim. Pkyt., 1897, [7], IS, 37*. 

* Mourner, Ber„ 1902, 88, 1*17. 

‘ Goldblum end Torlikowald, Butt. Soe. dim., 1913, [*1 U, 103, 1*6. 
Salvador!, Gnu., 1912, «, i. *58. 

1 Mourner. Btr., 1901, M. 2*32- 
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Investigation of the freezing points of mixtures of cobalt and 
sulphur, containing up to 33-6 per cen^. of the latter element, 
indicates the existence of the compounds CojSg and CoS . 1 • 
Cobalt pyrites or linnaeite, (Co,Ni,S'e)j 8 i , occurs at BastnaB, 
near Riddarhyttan, at Milssen in Prussia, as well as at Mineral 
Hill in Maryland, and at Mine La Motte in Missouri. It forms 
steel-grey or tarnished copper-red regular octahedra, and occurs 
also in the massive state. It usually contains more or less 
nickel, as well as some iron and copper. It can be obtained 
artificially as a blacbiah-grey powder by heating a solution of a 
cobalt salt with potassium polyBulphide to 160°. 

A polysuhkide of cobalt, which probably has the formula 
00 , 8 ,, is obtained as a black precipitate wben a solution of 
sodium monosulphide saturated with Bulphur is added to one of 
cobalt chloride at the ordinary temperature.* 

CobaUout Sulphite, CoSOj,6H,0, is a pink, crystalline powder 
obtained by the action of sulphurous acid on cobaltous hydroxide. 
It forms double salts with the alkali sulphites. 

Coballic Sulphite has not been isolated, but several double 
compounds, which are probably salts of a complex cobalti- 
Bulphurous acid, H^Co(SO a ) 3 ], have been described* 

Cobaltoue Sulphate, CoSO^HjO.—This salt occurs native as 
cobalt vitriol, or bicberite, in crystalline crusts. It is prepared 
artificially by dissolving the carbonato or oxide in dilute sul¬ 
phuric aoid, and crystallises in red prisms isomorphoua with 
ferrous and nickel sulphate, which are unalterable in the air. It 
has a specific gravity of 1924 (Schiff), possesses a weak, astringent, 
metallic taste, is easily soluble in water, but does not dissolve 
in alcohol. According to Mulder, 100 parta of water dissolve: 

At 0” 10° 20“ 30“ 50° 10° 100° 

CoS0 4 24-6 29-5 34-5 40-2 61-8 63-8 82-6. 

When its solution is allowed to stand at 40-50°, monoclinic 
crystals having the cord position CoSO^fiHjO are formed, and 
these are isomorphous with the corresponding zinc salt. If 
a concentrated solution of cobalt sulphate is poured gently into 
sulphuric acid a peach-blossom coloured powder, CoS 04 , 4 H 2 0 , 
is deposited. The hydrate, CoSO^HjO, is deposited when a 
solution of the salt is made slightly acid with sulphuric acid and 

1 Friedrich, MttaUurgie, 1908, 5, 212. Compare Bcllucci, A Hi B. Accad. 
Mntti, 1908, [5], 17, L, 18. 

■ Chernaia, Cmft. rod., 1896, U3.1068. 

* Beiglund, Bo., 1874, 7.489. 
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evaporated. 1 AD the hydrates lose their water on heating, 
but do not fuse, becoming opaque and of a rose-red colour (Proust). 
Cobalt sulphate forms numerous double salts. The double 
sulphates with ammonium and the alkali metals form a series 
ah isomorphous with the corresponding ferrous and nickle double 
salts, 2 and also with the double selenates. 2 The double salt of 
cobalt sulphate with mercuric cyanide, CoS0 4 ,Hg(CN)j,10H 2 0, 
is-interesting. 1 Cobalt sulphate bas the power of absorbing 
notable quantities of nitric oxide, although the absorption is not 
accompanied by any chango of colour. 4 It combines also with 
ammonia, giving a hexammoniato, Co30j,6NlI 3 . e 

Cobakic Sulphate, Coj(SO t ),,18H,0, is deposited in blue, 
silky needles, when a cooled acid solution of cobaltous sulphate 
is electrolysed in a divided cell. It dissolves in water, forming 
a blue solution which rapidly decomposes to cobnltous sulphate 
with evolution of oxygen. The crystals decompose on exposure 
to the air, finally becoming pink. It forms a greenish-blue solu¬ 
tion in dilute Bulphuric add, which gives a black precipitate 
with alkalis and is rapidly decomposed by reducing agents. 
With hydrochloric acid, chlorine is evolved. 7 

Cobakic Ammonium Alum, (NH 4 )jS0 4 ,Co s (S 0 4 ) 3 ,24H ! 0, is 
obtained by adding ammonium sulphate to an add solution of 
cobaltous sulphate and passing a weak current. It forms blue 
octahedra and is stable when dry, but decomposes in solution, 
ozonised oxygen being liberated. The potassium, rubidium, 
and csesium alums have been obtained in a similar manner, 8 


Cobalt and Nitrogen. 

588 Cobalt Nitride, Co,N, is obtained as a dull grey powder * 
when metallic cobalt is heated in ammonia at about 470°. It 
is soluble in hydrochloric and sulphuric acids, and loses its 
nitrogen when heated to 600°. The nitride, CojN 8 , is obtained by 
passing a mixture of cobaltous oxide and anhydrous cobalt 

1 Lose®nr, Aitn. Ckim. /%»., 1806, [J], 4, 218. 

* Tuttoo, PkU. Tram., 1916, Ml. 210,1. 

* Ibii., Prx. Boy. 8x„ 1919, Ml. *8. 

* Scagli&rini sod Bonini,1920,60, 114. 

* llufnor, Zcit. ptyailol. CKm., 1907, 60, 416. 

* So© Ephraim, Iter., 1912, 46, 1822. 

' Marshall, Jo*™. Chim. See., 1891,60, 760. 

* tim., ML ; Horn and O'Naal, /. Amir. CUm. 8oc„ 1898,80,750. 

1 Bciby and Henderson, Joun. C'him Sac., 1901, 78, 1261. 




COBALT AND NITROGEN 


1313 

cyanide between the poles of an electric arc in an atmosphere 
of nitrogen. It burns in oxygen, yielding cobaltous oxide and 
nitrogen peroxide, and is soluble in hydrochloric and nitric acids. 1 

Cobalt Azoimide, or Azide, Co{N 3 ) 3 , together with a basic azoimide, 
NjCo(OH), is obtained by the action of aqueous azoimide on 
a cobalt salt, as a violet powder. 2 It has been prepared in the pure 
state by shaking the finely divided dry basio azide or cobalt 
carbonate with an ethereal solution of azoimide. 8 It is extremely 
explosive, even gentle rubbing causing a violent detonation. 
It is soluble in water, but the solution is rapidly hydrolysed. 
Double compounds with potassium and ammonium azoimides 
have also been obtained. 

Nitro-cobalt, Co 3 (NO t ), is formed when diluted nitrogen 
peroxide is passed over reduced metallic cobalt. It is a black 
mass, which is vigorously decomposed by water, and explodes 
when mixed with combustible matter. 4 

Cobalt Mi rile.—Neither cobaltous nor cobaltic nitrite has 
been prepared in the solid state. 1 The double potassium salt 
described below differs in many of its properties from an ordinary 
nitrite, and is probably, like the cobalticyanidea and the cobalt- 
amminc salts, a derivative of a complex acid. 6 

Potassium Cobaltiniirite, K^CofNO,),], which is known as 
Fiacher’B salt after its discoverer, 7 is obtained as a yellow pre¬ 
cipitate when the solution of a cobaltous salt, acidified with 
acetic acid, is mixed with a solution of potassium nitrite : 

CoCl 2 -)- 5KN 0*+ 2 HN 0j= K,Co(N 0 2 ),+2KCl-( NO -f H,0. 

As this salt is somewhat soluble in water, it is best to wash 
it with a.solution of potassium acotate, and then with 80 per cent, 
alcohol. It is also produced by passing nitrous fumes into a sus¬ 
pension of cobalt carbonate in a solution of potassium carbonate 
or nitrite. Cobalt yellow, as this compound is also termed, is 
a bright yellow powder consisting of microscopic pyramids, 
or of four- or six-sided stellated forms. According to Sadder, 1 
the salt is usually anhydrous; it can, however, be obtained, 

1 Voumaeoe, Cctnpl. rend., 1919,168, 839. 

* Curliua and Riwom, J. pr. Chen., 1898, [2J, 58, 201. 

* WOlller and Mania, Ber., 1917, 50, 688; Ztit. sngtu. Chem., 1917, 30. L S3. 

* Sabatier and Senderone, Butt. Sue. chim., 1893, [3], 0 , 889. 

* See Suzuki, Jmrn. Chen. Soc.. 1910, 87, 728. 

* Hofmann and Burger, Ber., 1907, 40, 3298; Roeenheim and Garfunkel, 
HU., 1911,44, 1888. 

’ Pw Ann., 1848 . 74 . 124 . 

* Amr. J. Sti., [2J, 1870,48, 180. 

vot. it. (h.) n. 
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according to the concentration of the solution, with from one 
to four molecules of wajer, and its colour then varies from a 
blight yellow to a dark greenish-yellow. It is decomposed by. 
nitric and hydrochloric acids, but only when heated. Caustic 
potash solution attacks it with difficulty. Caustic soda or 
baryta wateT, on the other hand, decomposes it readily, on gently 
warming, with precipitation of the brown hydroxide. The salt 
suspended in water is only slowly attacked by sulphuretted 
hydrogen, but ammonium sulphide instantly precipitates black 
cobalt sulphide. The fact that cobalt is precipitated by a solution 
of potassium nitrite, acidified with acetic acid, is employed in 
the analytical separation of cohalt from nickel and other metals. 1 

Sodium cobaltinitrite is made in a simitar way, but owing 
to its solubility in water it is precipitated from tbe aqueous 
solution by addition of alcohol. A solution of this salt is used 
for testing for potassium, 1 a yellow precipitate of the insoluble 
potassium salt being obtained. The corresponding compounds 
of rubidium and casiura are distinguished by being only ono- 
tenth as soluble as their platinichlorides. 1 The corresponding 
ammonium, silver, thallium, lead, and barium compounds can 
be prepared by double decomposition of a soluble salt with the 
sodium compound. 

If a solution of cobalt chloride be precipitated with potassium 
nitrite without addition of acid, a yellow, hydrated precipitate 
of potassium cobaltous nitrite, 2KNOj,Co(NO s ),, is obtained, 
soluble in hot water and yielding a red solution. 4 

Cobalt Nitrate, Co(N0 3 l,,6H,0.—This substance is obtained by 
dissolving the oxides, hydroxides, or carbonate in nitric acid, 
and generally forms an indistinctly pink, crystalline mass. It 
may be obtained by slow evaporation in monoclinic prisms, 
having a specific gravity of 1-83 and not undergoing change in 
dry air. It begins to melt below 100°, and when more strongly 
heated the violet liquid becomes thick and green; then it begins 
to boil, giving off nitrous fumes, and the black oxide is left. 
Anhydrous cobalt nitrate is a slightly pink powder, which begins 
to decompose at 100-105°.* Hydrates with nine and three 

1 Funk. Ztit. awl tlm, 1907, 46, 1. 

* See Adie and Wood, Jinn. Chan. 8k, 1900, 77, 1070; Biilmarm, ZtiU 
anal. Chen., 1900, 38 , 264; CnnninghaBi and Perkin, Jonrn. Chm. Sot., 1909, 
86 , 1562; Burgoo and Kamm, J. Amir. Chan. 8oc„ 1912,84,682. 

* RoMDbladt, Brr., 1886, II, *831. 

4 Erdmann. J. ft. Chm., 1868,17, SS8. 

* Conti and Martin, Bull. Soc. eAm., 1909, [41 5,1004. 
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molecules of water also exist . 1 Cobalt nitrate gives a hexam- 
moniate. It forms a double nitrate with bismuth of the com¬ 
position SCofNOJj^BifNOjlj^tHjO , 1 and a double salt with 
mercuric cyanide, CojNOjIjHgjCNJ^fiHjO , 1 


Ammoniacal Cobalt Cohpoumds or Cobaltammine Salts. 

589 In 1799, Tassaert 1 observed that a solution of a cobalt 
salt in ammonia assumes a brown colour on exposure to the 
air, and that this changes on boilingtoa wine-red, whilst Theoard , 5 
in 1802, stated that these changes were brought about by aa 
absorption of oxygen. This latter observation was confirmed 
by Proust, who found that, on evaporating the solution, black 
cobaltic oxide separates out. The compounds which are thus 
formed have attracted the attention of many chemists,' and a 
very large number of these cobaltammine salts have been pre¬ 
pared, as well as compounds with organic substituted ammonias 
such as pyridine, quinoline, ethylene diamino, etc. A general 
account of this class of substances has been given on p. 1087, 
and only one or two typical compounds of each class are here 
described. 

(1) Hexammine Sails (Luleo-saUs), [(NH,),Co]X 8 , where X is 
a univalent acid radicle, are formed when dilute solutions of 
cobaltous salts, containing a large amount of ammonia and 
ammonium chloride, are exposed to the oxidising action of the 
air; they are produced also by the action of ammonia on many 
of the salts containing five molecules of ammonia. 

The compound Ilexammine-coballic Chloride (Lnteocobaltic 
Chloride), [(NH 3 ),Co]C 1„ is obtained when an ammoniacal cobalt 
chloride solutiou is allowed to stand for some time, especially 
in the presence of sal-ammoniac. The formation of the salt 
is facilitated by the addition of oxidising substances such as lead 
dioxide, bromine, etc. (Broun, Mills). It crystallises in reddish- 
yellow, monoclinic prisms or pyramids, which dissolve Blowly 
jn cold but readily in hot water, It forms a sparingly soluble 
platinichloridc. 

1 Funk, ZtiL anor}. Chan., 1890, 20 , 407. 

1 Urbain and Laoombe, CompL rend., 1003,207, 5&L 

> ScagUarini and Bonini, Goa.. 1020, SO, it 114. 

* Ann. Chin., 1798. 28 , 05. ' Ibid., 1802, 42 , 210. 

' A hietory of those oompotmde will be found in Untert*chn*qen in Ammonia- 
kalitcAe Xobolt Vabininngen, by Fr. Rcee, Heidelberg, 1871. For more reoent 
work, aee the reference* on p. 1348. 
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(2) Pentammine Saks form two distinct classes of compounds, 
the aquo-pentammine ifHi (meo-saks), [H,0(NH s ) 5 Co)Xj, and 
tire aeido-pentammine sails, [X(NH,) } po]X,. The latter salts 
have been distinguished by different names according to the 
nature of the acid group in the complex radicle, the salts of the 
various series usually possessing characteristic colours. 

The oquopentammine salts, which are pink, lose water when 
heated with acids, forming derivatives of the second class, whilst 
the latter are reconverted into aquopentaromine salts by boiling 
or standing with water. By the action of ammonia on the 
aquopentammine salts the so-called hydroxypentamminecobalt 
salts are obtained, thus: [(H,0)(NH s ),Co]X 4 + NH a = 

[(0HXNH 4 ) l Co]X 4 + nh*x. 

Chloro-pentammine-cobakic Chloride ( Chloroptirpureo-cobakic 
Chloride), [CI(NH 3 ) 5 Co]C1j, k obtained by boiling a solution of 
roseo-eobaltic chloride; it falls as a red precipitate,'soluble at 
10° in 287 parts of water, and crystallising in tetragonal prisms. 
With platinichlorio acid, it forms the salt, [Cl(NH a ),Co]PtCl 0 , 
which is almost insoluble in cold water, and separates as a 
brownish-red powder. If the chloride bo triturated with strong 
sidphurio acid, a solution of chloro-pentammine-cobakic sulphate, 
[CllNHjljCoJSO* is formed, and if nitric acid be added to this 
solution fine, red, microscopic crystals of chloro-perUammine- 
cvbaltio nitrate, [Cl(NH 9 ) s Co](N0,}|, axe thrown down, the 
solution of which is not precipitated by silver nitrate. 

(3) Tetrammine Saks are analogous to the pentammine salts, 
but the complex radicle contains only four molecules of ammonia 
and two other groups, which may be water or the hydroxy-group 
or a univalent acid radicle. 

Dichloro-tetrammine-cobakic Chloride (Praseo-cMUic Chloride), 
[Cl,(NH J ) l Co]Cl,H l O, is usually formed together with the other 
cobaltammine chlorides. It crystallises in email, glistening 
needles which possess an emerald green colour, whence the term 
praseo is derived. These dissolve in water, yielding a green 
solution which soon becomes rod, and undergoes decomposition 
on boiling. If foaco-cobaltio chloride, Co(NH a ) a Cl a (OH), be' 
wanned with dilute hydrochloric acid, a deep violet solution 
is obtained, and tbis^n cooling deposits small violet octahedra 
which possess the same composition as the green salt, and pass 
into the latter when dissolved in concentrated sulphuric acid, 
to which hydrochloric acid is gradually added. 

Dkxitrito-tetrammine-cabakic Sulphate {Croceo-cobaltic Sulphale), 
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[(NOjJjfNHahCoJjSOj, is formed when a mixture of solutions 
of cobalt sulphate and potassium nitrite, Saturated with ammonia, 
is exposed to the air. It is deposited in orange-yellow crystals 
together with green cobaltic hydroxide. The mixture is filtered 
and the residue dissolved in hot dilute nitric acid, and from 
this solution the sulphate is obtained on cooling in the fmm 
of yellow tetragonal tablets. Large wino-red crystals are ajso 
obtained from diluto solutions. It is slightly soluble in boiling 
wator. 

(4) Triammine compounds are formed from the tetrammine 
salts by loss of ammonia. They possess the general formula 
[X 3 (NH 3 ) 3 C®], and are non-electrolytes in aqueous solution. 
Aquotriammine tails are also known, with one or more of the acid 
groups outside the complex radicle, which contains one molecule 
of water for each acid group replaced. 

Trinilrito-triammine-cobaU, [(N0 3 ) 3 (NH,) 3 Co], is prepared by 
acting on cobaltoua chloride solution with ammonia and potass¬ 
ium nitrite (Erdmann), and by the action of ammonium 
nitrite on cobaltoua chloride in presence of acetic acid 
(Gibbs). 

Triaquo-tnammine-coballic Chloride , [(HjO^NHJjCoJClj, is 
prepared from trinitrito-triammine-cobalt by treating first with 
dilute acetic acid and then with hydrochloric acid at 0°. 

(5) Diammine sails have been very slightly investigated. 

Potassium Tctranitrito-diammine cobakile (Erdmann's salt) 

[(N0 1 ) 4 (NH,) 8 Co]K, iB obtained by adding ammonium chloride 
and potassium nitrite to a solution of cobaltous chloride and 
gently ^arming. It forms yellow, rhombic crystals. 

In addition to the classes of compounds already described, 
several series of substances have been prepared which Werner 
terms multi-nuclear ammoniacal compounds. 1 Examples of these 
are the oxycobaltammines, {O^Goj(NH,) s ],jX 4 , and the series 
(NH[Co(OH) 8 (NH a )J a }X° 4 , and Co(.Co!OH) s (NH 3 ) 1 ] 3 X 6 . 

The relations between the various complex cobalt compounds 
just described have been successfully interpreted by means of 
Werner’s theory of principal and supplementary valencies (see 
p. 36). The further development of this theory has suggested 
the possibility of the occurrence of cis- aiid trans-isomerism and 
of optical isomerism—deductions that have been fully verified 
by the preparation of substances of this description. These 
deductions are based on the view that the six groups associated 
■ Werner, Ber„ 1807, 40 , 8S, 2103. 
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with the cobalt atom are arranged round this central atom in the 
positions corresponding with the angles of an octahedron , 1 


Cobalt wits Phosphorus, Arsenic 1 , and Antimony. 

590 Phosphides of Cobalt .—When pieces of phosphorus are 
thrown on to heated cobalt a bluish-white, brittle mass with a 
metallic lustre is formed. This tarnishes on exposure to air, 
melts at a lower temperature than cobalt, and contains 6 per 
cent, of phosphorus. On heating, it bums, with formation of 
a dark blue glass (Pelletier). When cobalt reduced in hydrogen 
is heated to dark redness in the vapour of phosphorus, a light 
grey mass with a metallic lustre is formed, containing 28-4 per 
cent, of phosphorus (Schrotter), and corresponding nearly to the 
formula Co,P,. A oompound, CojP„ is also formed as a black 
powder by igniting a normal phosphate in a current of hydrogen. 

The phosphide , Co,P, is obtained when cobalt formed by 
reduction of the oxide or oxalate is heated to redness in the 
vapour of phosphorus trichloride, tribromide or di-iodide* and 
a substance of this composition is also produced in grey crystals 
when finely divided cobalt is heated with a copper phosphide 
in the electric furnace.* The existence of this compound is 
indicated by the occurrence of a maximum on the freezing- 
point curve for mixtures of phosphorus and cobalt . 4 Another 
compound, Co,P„ is obtained as a black, metallic mass by 
heating cobalt chloride to dull redness in phosphorus vapour.* 

Cobalt Arsenide, CoAsj, ocours as skutterudite near Moduni, 
in Norway, crystallised in octahedral forms as well as in the 
massive Btate. It possesses a colour from tin-white to a pale 
lead-grey, and usually contains small quantities of iron and 
sulphur. Smaltite or tin-white cobalt, CoAsj, usually contains 
varying quantities of iron and nickel, and occurs in tin-white 
octahedral forms as well as in the massive state in the Erzgebirge. 
Cobaltite, cobalt glance, or bright white cobalt, CoAs^CoS, 
or CoAsS, crystallises in the regular system, usually in pyramid 
octahedra and their combinations, and a portion of the oobalt is 

1 For a Bummwy o! Werner’s Uter work, on both the theoretical Mid 
prwtiosl sldee, see Chenual Soa'elfe An skjJ fie ports. 1911, 8, 77; also 
Werner, Her., 1612, 45, Ml. 

1 Onager, Conpt. rend., IBM, 123. 178. 

* Mstodumh. Hid., 1600,130, 836. 

' Schemtschueobny sad Schepeleff, Zeil. mwrj. Okm., 1909,64, 248. 

> Granger, CcmfL rend., IBM, 122, 1484. 
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generally replaced by iron. It ha* a silver-white colour inclining 
to red, and occurs in Sweden, in Westphalia, and in the 
Bottolack Mine near St. Just in Cornwall. Other arscnkfes, 
CojAbj, CoAs, and CojAs,, have been prepared. 1 

Cobalt antimonide, CoSb, and cobalt di-antimonide, CoSb„ 
are crystalline powders melting about 1200° and 700° respec¬ 
tively. 8 

Phosphates and Arsenates of Cobalt.— The norma! and mono- 
hydrogen cobalt salts of the different modifications of phos¬ 
phoric acid are rose-red or violet-blue, insoluble compounds. The 
di-hydrogen-orthophosphate is easily soluble in water and forms 
a gummy mass. The arsenates are similar bodies; the normal 
arsenate, CojfAsOJj.aHjO, occurs native as cobalt bloom or 
erythrite, in violet, monoclinic needles isomorphous with vivian- 
ite, or in earthy mosses. Zaffre is an impure basic arsenate 
obtained by roasting cobalt glance free from iron, or by dissolving 
the ore in nitric acid and precipitating with soda. It is used 
for painting on porcelain. 

Three insoluble ammoniacal arsenates have been obtained by 
the action of arsenic acid on solutions of cobalt salts in the 
presence of ammonia and ammonium salts. These compounds 
have the formulre CojfAaOJj.NHjJHjO, Co,(AsO|),,2NH,,6H a O, 
and CojfAsOjJj^NHj.bHjO, and may be considered as the norma] 
' arsenate in which the water of crystallisation is partially 
replaced by ammonia.* 

Cobalt and Carbon. 

S 9 t Cobalt Carbide has not been isolated. Carbon dissolves 
in molten cobalt and the solubility curve indicates the existence 
of a compound, Co,C, analogous to cementite, Fe 8 C, but it 
decomposes bo rapidly on cooling that it cannot be detected 
even in the quenched (petal. 4 

Cobaltous Carbonate.—The normal salt, CoCO,, is obtained 
as a bright-red powdeT, consisting of microscopic rhombohedra, 
by heating cobalt chloride to 140° with a solution of sodium 
bicarbonate saturated with carbon dioxide. The hydrated salt, 
CoCOg,6H,0, is formed by allowing mixed solutions of cobalt 
nitrate and sodium bicarbonate, saturated with carbon dioxide, to 

1 Duoelliei, Compt. rend., 1908, 147, *24. • Ibid., 1048. 

* Ducru, <Ud., 1900,131, 675. 

* Rufl and Keilig, ZeiU anorg. Cbm., 1914, 83, 410. See nlso Arnold md 
Besd, Pne. Inst. Metb. Sng., 1918, 247. 
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stand at a low temperature until the amorphous precipitate which 
is first formed becomes crystalline; the dry salt is converted into 
the anhydrous salt on warming. When a solution of a cobalt 
salt is precipitated with normal or acid sodium carbonate, 
bluish or violet basic cobalt carbonates of varying composition 
are thrown down . 1 Cobalt carbonate forms a pink double salt 
with potassium carbonate , 3 and a bright reddish-purple one with 
sodium carbonate . 8 They have the formula MjC0 3 ,CoC0j,4H 2 0. 

Cobalt Tetracarbonyl, Co,(C0) t , is obtained by heating cobalt 
in a nickel-steel vessel at about 160° with carbon monoxide under 
a. pressure of not less than 30 atmospheres.' * In this way, fine, 
orange-coloured crystals of cobalt tetracarbonyl ase obtained, 
which are best kept in a sealed glass tube in an atmosphere of 
hydrogen or carbon monoxide. If left in contact with the air, 
the substance decomposes, yielding a basic cobalt carbonate. 
Cobalt tetracarbonyl is insoluble in wator, but dissolves more 
or less in organic solvents, such as carbon disulphide, ether, 
or alcohol. The double molecular formula, Co 2 (C0)„ is estab¬ 
lished by cryoecopic determinations. The pure crystals melt at 
61° without decomposition, but this sets in immediately there¬ 
after. At 60°, decomposition is fairly rapid and results in the 
formation of 

Cobalt Tricarbonyl, Co(CO),.—This oompound crystallises from 
benzene in jet-black crystals, which may be decomposed with 
bromine water for the purpose of analysis. It is very liable to 
change in air, and is sparingly soluble in the common solvents. 

Cobalt Nitroeo-tricarbonyl, Co(CO)j,NO.—Nitrio oxide reacts 
with cobalt tetracarbonyl, slowly at ordinary temperature but 
instantaneously at 40°, partly decomposing it into the tricarbonyl 
and carbon monoxide and partly converting it into th© nitroso- 
tricarbonyl : 8 

Co{CO) 4 + NO = Co{CO) sl NO + CO. 

Cobalt nitroso-tricarbonyl is a eherry-rod mobile liquid of 
density 1*5126 at 14°; melting point —1*06°; boiling point 
78'6°. It may be distilled with only slight decomposition at 

1 Compare Msigan, Jom. Cbm. 8k., 1905, 88, ii, 454; NsnJy, <ln*. Chim. 
Pbye., 1912,18], 87,6; 1913, [81 88, 77. 

■ Wood and Jowa, Pm. Cmh. PbiL Soe„ 1907, It 171; Apploboy and Lane, 
Joan. Cbm. Soc.. 1918, 118, 809. 

* Apple bey and I*oe, Ik. ci(. 

‘ Mond, Hirta, and Oowap, Joan. Cbm. Soc., 1910, 87. 798. 

* Mond and Wallis, Jam. Cbm. Soc., 1921,121, 29. 
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60°—80° in a current of inert gas, but above this temperature 
it decomposes into tie tricarbonyl aid nitric oxide. It is 
insoluble in water but miscible in all proportions with alcohol, 
ether, benzene or chloroform. 

CobaUms Cyanide, Co(CN) 8 ,3RjO, is a reddish precipitate 
obtained when solutions of potassium cyanide and a coba.lt 
salt are mixed, It dissolves easily in excess of the precipitant, 
probably forming a solution of potassium cobaltocyanide. If 
the solution is treated with dilute hydrochloric acid, cobaltous 
cyanide is again precipitated, but if the solution is previously 
warmed this docs not occur, inasmuch as the more Btabh: 
potassium cabalticyanidc is formed (see below). 

The cobaltocyanides and cobalticyanides are analogous in 
composition to the ferro- and fern-cyanides (p. 1302), and may 
be regarded ns salts of a complex radicle containing cobalt. 1 
The cobalt is not precipitated by the usual reagents, but the 
compounds, especially the cobaltocyanides, are not so stable as 
the corresponding iron compounds. 

Potassium Cobatiocyanide, KjCoCy,, is a deep amethyst- 
coloured, crystalline powder, which is obtained by dissolving 
cobaltous cyanide in potassium cyanide at a low temperature and 
precipitating with alcohol. 1 The formation of this Balt is also 
indicated by the change in electrical conductivity as potassium 
cyanide solution is gradually added to cobalt chloride solution.* 

Potassium Cobalticyanide, ILjCoCy,, is formed when an excess 
of potassium cyanide is added to a solution of a cobalt salt, 
together with a little acetic acid or hydrochloric acid, and the 
liquid w.ell boiled: 

6KCy + 2CoCy a + 2HCy = 2K,CoCy, + H t . 

When a solution of potassium cobaltooyanide is rapidly 
oxidised by atmospheric oxygen, it is converted into the cobalti- 
cyanide, and twice as Audi oxygen is absorbed as is required 
by tbe equation: 

2K,CoCy, + HjO + 0 = 2K s CoCy, + 2K0H. 

At the end of tbe reaction hydrogen peroxide is found in the 
solution in an amount corresponding to tire whole of the absorbed 
oxygen. On the other hand, when a solution of the cobalto¬ 
cyanide is boiled, hydrogen is evolved equal in volume to the 

1 See Deeottinpe, Ann. Ckim. Phgi., [B], 1881, 24, 183. 

. • Bowi, »Jtt,_1915.AS. L, 6 . 
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oxygen actually absorbed by the above oxidation. Manchot and 
Herzog , 1 therefore, consider that the oxidation of potassium 
eobaltocyanide in solution is effected by the water, the absorbed 
oxygen uniting with the hydrogen liberated to form hydrogen 
peroxide. 

•This salt crystallises in bright yellow crystals isomorphous 
with potassium ferricyanide . 2 Copper sulphate yields a blue, 
and silver nitrate a white precipitate, the salts Cu,(CoCy 4 ) a 
and AgjCoCy a being formed. Ferrous cobaliicyanide, 
Fe,(CoCy,),, is a white precipitate, whilst atballous ccbalti- 
trjanide, COj(CoCy t ),,14H,0, is a pink precipitate which 
becomos anhydrous and blue when heated to 200°. Cobalti- 
cyanides of otheT metals * and also of organic bases 4 have been 
described. When the copper salt is decomposed by sulphuretted 
hydrogen, cobalticyanic acid, H,CoCy„ is formed, and this is 
deposited in colourless, silky needles on evaporating the solution. 
It is deliquescent, has a strongly add taste and reaction, and is 
not attacked even by strong nitric acid. 


Cobalt and Silicon, Aluminium, and Zinc. 

59 * Coball SMicidrs.— The compound CojSi is produced when 
cobalt is heated with silicon in the electric furnace, or at 1200- 
1300° in silicon tetrachloride vapour, and forms grey, metallic 
crystals of specific gravity 7-28. 5 By heating cobalt in the electric 
furnace with copper silicide the nmonlicide, CoSi, is formed, 
whilst with excess of silicon or a mixture of copper silicide and 
silicon, the ditilicide, CoSi,, is obtained.* Other silicides are 
also known . 7 

Silicates of Coball. Smalt.— The silicates of cobalt do not 
occur tot minerals in nature. Although certain specimens of 
ancient Egyptian glass have been found to be coloured blue by 
cobalt, the direct application of the ores of cobalt for this 
purpose appears to date from the sixteenth century. Smalt 
is a potash glass coloured an intense blue by cobalt oxide. Up 
to the middle of the nineteenth century smalt was largely used 

1 Bet., 1900, 33. 1742. 8» sin Moore, Ckm. Newt, 1893, 88. 296. 

« Gindin, Hanibttdi Orj. Ckm., 1, 397. 

1 Miller sod Matbem, I. Ama. Ckm. 8x. : 1900,32, 62. 

* Wsgener ind Tollena, Ber., 1906. 38 , 410. 

» Vigooroux, Compt. rend., 1896, IStt, 688; 1906, M2, 635. 

• Lsbesn. Ann. Ckim. Pkg,., 1902, 27, 271. 

7 Jenge, Ztil. asorf. Ckm., 1921,118, 105. 
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for colouring starch, paper, etc., but the introduction of artificial 
ultramarine has diminjshed the demand.for cobalt blue. 

For the preparation of Bmalt, the ore, such as speiss-cobalt'or 
cobalt glance, free as far as possible from iron and sulphur, is 
first carefully roasted so that the cobalt mainly ib oxidised, whilst 
nickel, iron, copper, and bismuth remain for the most, part 
unaltered together with sufficient arsenic to combine with them 
and allow them to separate out as an insoluble speiss when the 
mixture is melted with glass. The roasted oro is then fused 
with a mixture of quartz sand and potashes, the fusion being 
effected in large earthen pots, arranged in a furnace similar p) 
that emploj^d for the manufacture of plate glass. The arsenides 
of nickel and iron sink to the bottom of the pot and the glass is 
ladled out into cold water. The blue glass is then ground with 
water to an impalpable powder under granite stones. 

Smalt varies in composition according to the differences in 
the ores, and the proportion of sand and potashes employed. 
Thus the amount of silica varies between 58 and 70 per cent., 
that of potash between 12 and 22 , and that of cobalt between 
6 and 16 per cent. In addition, smalt contains small quantities 
of alumina, ferric oxide, and frequently also lime and oxide 
of lead; the commoner varieties likewise contain oxide of 
nickel. Smalt has the advantage as a paint over ultramarine 
that its colour is not destroyed by the action of acids. 

A number of other coloured substances containing cobalt are 
made by heating the oxide with other metallic oxides (p. 1333). 


* Detection and Estimation op Cobalt. 

593 This metal is characterised by the fine blue colour which 
its compounds impart to the borax bead. If a cobalt compound 
be reduced on a carbonised match, the metal is obtained in 
shining, white, magnetic*particles; these dissolve in hydrochloric 
acid, forming a rose-red solution, which becomes blue on 
evaporation. 

Cobalt chloride imparts to the non-luminouB gas flame an 
evanescent rose-red colour, but this does not give any charac¬ 
teristic spectrum. The spark spectrum 8 f the chloride contains 
a large number of bright lines, and the metal also gives a spec¬ 
trum consisting of a large number of bright lines of which the 
following in the blue are the most characteristic (Thal4n); 
4868, 4840, 4815, 4793, 4780. 
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Solutions of cobalt salts give with ammonium sulphide a 
black precipitate of the sulphide which is insoluble in acetic and 
dilute hydrochloric acids. With ammonium thiocyanate, they 
yield a blue coloration, and if this solution be shaken with a 
mixture of amyl alcohol and ether and then allowed to stand, 
the latter separate on the top as an intensely blue layer. 1 Addi¬ 
tion of acetic acid and potassium nitrite to a solution containing 
cobalt yields a yellow precipitate of potassium cobalti-nitrite. 
a-nitroso-£-naphthol gives a red precipitate with solutions of 
cobalt salts acidified with acetic acid.* 

..The separation of nickel and cobalt is discussed under nickel 
(p. 1388). 

Cobalt nay be estimated electrolytically in tbe same manner 
as nickel. It may also be accurately estimated by precipitation 
with a-nitroso-/9-naphthol; the precipitate is ignited with a little 
oxab'c ncid to the oxide, reduced in a stream of hydrogen, and 
weighed as metal. Cobalt may also be precipitated as the oxide 
(by alkaline hypobromitc) or sulphide, which is similarly ignited, 
reduced in hydrogen, and weighed as metal. 

The Atomic Weight of cobalt, like that of nickel, has been 
frequently determined. Among the earlier determinations may 
be mentioned those of RothhoS, 5 Schneider, 4 Marignac, 4 Gibbs,* 
Dumas,’ Russell, 4 Zimmermann,* and Winkler. 1 ® In an inves¬ 
tigation by Hempel and Thiele” the reduction of tricobalt 
tetroxide gave the number 58-97, and the analysis of the 
chloride 68-89. Richards and Baxter 18 determined the ratios of 
cobalt bromide to silver bromide and to silver, and as the mean 
of a large number of experiments obtained the number 58-99. 
They determined also the weight of cobalt obtained by the 
reduction of cobaltous oxide, ohloride, and bromide by heating 
in hydrogen, and obtained numbers between 68-93 and 59-06. 

1 See Powell, J. Soc. Ckm. Ini., 1917, *8. 273. 

* lliiuki and Knorre, Bo., 1836,18,699; Chapin, J. Amo. Ckm. Soe., 1907, 
28. 1929; Ataok, J. Soc. Ckm. Ini., 1916,34, 641, 

■ Pom. Am., 1626, 8, 186. 1 thil, 1S67,1U, 387. 

» Arc*. Sti. Phyc. Nat, 1868, [2], 1. 373. 

* Amo. J. So., 1668, [2], 26, 438. 

’ Am. Ckm. Pkyt., 1869, [3], 85, 129. 

* Jmun. Ckm. Soc., 1883; 18,81; Ckm. Noet, 1869,80, 20. 

* Annalcn, 1885, 883. 324. 

11 Zkt. mot Ckm., 1867, 6, 22; Zat anccj. Ckm., 1895, 8, 1, 

“ Ibid., 1896,11. 73. 

11 an., 1898. 18, 326; 1899, O, 260; 1899, 20 221. Compare Winkler, 
tbid., 1698, 17, 236. 
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More recently, from the ratios of cobalt chloride to silver and 
to silver chloride, Baxter and Coffin 1 found the number 58-99. 
The value at present (1922) adopted is fe-97. 

The atomic weight of cobalt is higher than that of nickel. 
Chemical analogies require that cobalt should precede nickel in 
the periodic system (p. 69), and the atomic numbers of the 
elements are in this order (see p. 74). 


NICKEL. Ni = 58 - 68 . At. No. 28 . 

594 The first mention of an ore of this metal is found in tfie 
writings of fiiarni in 1694, the name of kupfer-nickel, signifying 
false copper, being given to it because, whilst possessing the 
colour of a copper ore, this latter metal could not be extracted 
from it. In spite of the failure, the ore was long supposed to 
contain coppeT, but after the discovery of oobalt many believed 
that this metal was contained in kupfer-niekel.* In 1751, 
Cronstcdt published in the Transactions of the Stockholm 
Academy an investigation upon an ore which was obtained from 
the mines of Helsingland. This gave a green vitriol, which 
imparted a brown and not a blue colour to glass, and yielded a 
hard, brittle metal. In 1754, he stated that a semi-metal 
occurred most abundantly in kupfer-nickol, and therefore he 
proposed to give to it the name of nickel. He likewise showed 
that the Bpeisa formed in the preparation of smalt consisted to a 
large extent of nickel, and was not, as had been believed, a 
burnt cobalt which had lost its spirit. Cronstedt’s views did 
not find general acceptance; but in 1774 Bergman’s research 
on nickel made its appearance, and in this he showed that the 
nickel which Cronstedt had obtained only in the impure state 
was in reality a new metal. 

Nickel almost alway» occurs in nature together with cobalt, 
and occurs in niccolite, nickeline, or kupfer-nickel, NiAs, found 
in the Saxon mines, in Styria, at Leadhills, and in Connecticut; 
nickel glance, NiAsS; breithauptite, NiSb; millerite or nickel 
blende, Ni 8 ; linnaeite, (CO.Ni.Fe)^,; pentlandite, (Ni,Fe)S; 
nickel ochre or annabergite, Nij(As0Jj,8H,0; rewdanskite, 
(Ni.Fe.MgljSijOj^HjO, etc. Niokel also occurs frequently in 
magnetic pyrites, the deposits at Sudbury, Canada, at present 

■ Ztit. anorp. Clem., 1908, 81. 171. 

■ See Link, Phil. Tmn.., 1728, Si 162. 
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supplying about 60 per'cent, of the world’s production. It 
consists of pyrrhotine associated with small quantities of copper 
p) rites, pentlandite, and occasionally millerito. An important 
source of nickel has been opened out in New Caledonia, where 
large quantities of a silicate of nickel called gamicrite, 
2(Ni,Mg)j8i 4 0]j,3HjO, occur. 

Nickel iB an essential constituent of meteoric iron (p. 1211), 
its presence in extra-terrestrial matter having been first detected 
by Proust. It is contained also in the Bun's atmosphere. 


Metallurgy of Nickel. 

595 The method adopted for the extraction of metallic nickel 
varies according to the nature of the ore to be treated. Formerly 
nickel was largely obtained as a by-product from the treatment 
of complex orce of copper, etc., by long and complicated wet 
and dry processes, but at the present time moat of the nickel 
is obtained from gamierite and nickeliferous pyrrhotite and 
chalcopyrite . 1 

The method of treating garnierite, ub at present practised, 
consists in smelting the ore with the addition of calcium 
sulphate or even alkali waste (chiefly calcium sulphide), for the 
production of a matte of nickel and iron, together with a slag, 
consisting of silicates of lime, magnesia, and other bases. This 
matte, which generally contains about 50 per cent, of nickel, 30 
per cent, of icon, and 20 per cent, of sulphur, is either blown in 
small Bessemer convertere similar to those used for enriching 
copper mattes (p. 425), or is smelted in reverberatory furnaces 
together with a siliceous flux, yielding in both cases a rich pure 
nickel sulphide, containing 80 per cent, of nickel and a siliceous 
iron slag containing a small amount of nickel. 

It is, however, impossible to blow this nickel aulphido to 
the metal, as can be done with copper'sulphide, on account of 
reactions which yield NiO taking place more easily and at a 
lower temperature than those yielding • metallic nickel. The 
nickel sulphide has therefore to be carefully roasted, generally 
twice, sometimes with the addition of sodium nitrate, and the 
nickel oxide washed aryl dried. The oxide is then pressed into 
the form of small cubes, and these are strongly ignited with 
charcoal powder. The reduction takes place from the outside, 

1 St*inhart, Train, but. Mi*. a*i Met., 1905-6, 16, 230. Bee aleo Repot 
alike Royal Ontario Nickel Pi — mili eu. 1917. 
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the metal absorbing carbon and retaining the form of the cubes. 
The operation is usually carried on in day crucibles standing 
on the hearth of a reverberatory furnace, or in a special furnace 11 
in which the reduction may be carried on continuously. This- 
consists of a furnace through which vertical fire-clay tubes pass; 
these tubes are charged at the top with the mixture of crude 
oxide and coal, and the metal is withdrawn from time to time 
at the bottom. Commercial nickel contains carbon, as well as 
small quantities of cobalt, copper, iron, and sulphur. 

For sulphides such as the Canadian ores, containing 3 per 
cent, of nickel, and about 2 per cent, of copper, the process 
is carried out as follows: the ore is first heap-roasted to oxidise 
the iron on<? remove the excess of sulphur. The roasted ore 
is then smelted in a blast furnace, producing a matte containing 
36 to 40 per cent. nickel-coppeT. This matte is then con¬ 
centrated, cither by being again put through the cupola with 
a siliceous flux, or by being blown in a converter, to an 80 per 
cent, nickel-copper matte. 

The sejraration of the nickel from the copper may be effected 
by what is known as “ tops and bottom ” smelting, by means 
of an alkaline sulphide. The matte is mixed with coke and 
sodium Bulphate (salt-cake), 30 tons of salt-cake and 7 tons 
of coke being used for 50 tons of matte, and is charged into 
a magnesia-lined open-hearth reverboratory furnace. The 
mixture is molted down and allowed to stand for five hours 
in the furnace, being frequently poled. Practically complete 
solution of the copper sulphide, and any iron sulphide present, 
is thus effected in the sodium sulphide formed from the salt- 
cake. The molten charge is then tapped from the furnace 
and allowed to separate in moulds, or the two strata are tapped 
separately from the furnace. Tho nickel sulphide thus obtained 
may be roasted and reduced as already described. A small 
amount of nickel.is also extracted by a wet method as described 
under cobalt. 

Another method-for the treatment of the rich matte consists 
in granulating it, followed by roasting and leaching out the 
copper. The leached material is then smelted with suitable 
fluxoS ( in an electric furnace, The nickel-popper alloy, obtained 
is cast into anodes and refined electrolytically by the Hybinette 
process, the slimes being treated for platinum, palladium, gold, 
iridium, etc. 


1 Bit. Sntw. Chan. Ini., 7, 666. 
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The Mond Process which depends on the formation and 
decomposition of the volatile nickel carbonyl Ni(CO) 4 is very 
important and interesting, 1 

• The ore is mined in the Sudbury region of Ontario and is 
there roasted, smelted, and besaemerized, as described above, 
yielding a matte containing 40% Ni, 40% Cu, and less than 
1% Fe, the remainder being almost entirely sulphur. This 
matte is shipped to the refining-works at Clydach, Swansea. 
It is crushed and calcined at the lowest possible temperature in 
a current of air. The calcined matte is treated with about 
15% sulphuric acid at 80° whereby about 70% of the copper and 
'only about 7% of the nickel together with some of the iron are 
extracted as sulphates. The copper-extracted matte is filtered 
off and dried. It is reduced in a stream of water-gas by passing 
down over a series of shelves in a tower heated to about 1)30°. 
The reduced matte is passed by air-tight conveyers to volatilizers 
which are exactly similar to tho reducers, and is thus brought 
into intimate contact with a stream of water-gas at a temperature 
not exceeding 50°. Under these conditions the finely-divided 
nickel combines with the carbon monoxide of tho water-gas 
to yield the carbonyl which is swept over in the stream of gas 
to the decomposers. These are specially constructed towers 
filled with nickel shot and heated on tho outside by producer- 
gas to about 180°. The carbonyl is decomposed 
Ni(C0) 4 = Ni + 400. 

and the carbon monoxide passes on for further extraction. The 
nickol is deposited on the shot which are prevented from 
coalescing by being kept in constant motion and, so grow 
individually. An exceptionally pure metal containing nearly 
99-9% Ni is thus produced. 

The liquors from the copper extraction are crystallized and 
yield a very pure copper sulphate. The mother-liquor is then 
re-charged with acid and used for further extraction and crystal¬ 
lization, and this is repeated until it becomes too rich in nickel 
sulphate. It is then treated with reduced matte when the finely- 
divided nickel replaces the copper of tho remaining copper 
sulphate yielding a solution of nickel sulphate free from copper. 
The iron is removed by oxidation and precipitation as ferrio 
hydroxide and the nickel sulphate is crystallized. 

In each operation about 70% of the copper and 70% of the 
nickel are removed, and, after being concentrated by passing 
* 8m Mood, /. S<K. Che*. Ini.. 1895, 14. 915. 
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through the cycle several times, the residual matte is sufficiently 
rich in the precious metals to be forked, up for them. 

Pure nickel can be prepared, according to Winkler , 1 by electro¬ 
lysing a solution of the pure sulphate containing ammonium 
sulphate and ammpnia, a cathode of highly polished nickel 
being used, and the current passed until the nickel separates 
from the electrode in thin plates. It is then heated in a current 
of pure dry hydrogen. 

In practice, small quantities of magnesium are often added 
to molten nickel; this is found to make the metal very fluid 
before easting, and also renders it malleable, and free fron) 
blow-holes djie to gas. 

596 Properties.— Nickel is a lustrous, silver-white metal 
with a steel-grey tinge. It is very hard and takes a high 
polish, and may easily be rolled out into thin plates and drawn 
into wire. The pure metal melts at 1452°, but may be welded 
below its melting point, and distils in the electric furnace more 
readily than cobalt.* As in the case of iron, when the metal 
contains carbon it is less malleable and more readily fusible. 
It has a sp. gr, of 8-35 when cast to 8-9 when rolled, and its 
average specific heat between 1C° and 100° is 0-10842.* 

Nickel oxidises only with difficulty, even on heating in the air. 
It decomposes steam very slowly at a red heat with formation 
of the monoxide, which is also formed when the metal is heated 
at 200° in nitric oxide . 4 It is slowly soluble in hydrochloric or 
dilute sulphurio acid, and does not dissolve quickly even in the 
concentrated acid. On the other hand, it dissolves readily in 
dilute nitric acid; but if it be dipped into the concentrated acid 
it becomes " passive,” as does iron. 

Nickel exists in two allotropic. modifications, the transition 
temperature being between 340° and 360°. The metal is 
attracted by a magnet below this temperature, but is non¬ 
magnetic above it.* The transition is also indicated by a sudden 
change at this temperature in the coefficient of expansion , 6 the 

1 Zeit. tuwrg. Chcm.. 1894, 8 , 1; see KohiiehOtter and 8ch6di, Bdc. Chi m. 
Acta , 1922, 8 , 490, 698. 

1 Moiaean, Ctmpl. rend., 1909, 142, 426. 

1 For detailed list of tie physical properties of pun and commercial nickel, 
»ee Mefioa, Ohm. Ud. Sag., 1921, 24, 73. * 

1 Sabatier and Sends rona, Conpt. read., 1892, 114, 1429. 

* Werner, Zdl. a nay. Chan., 1913, 88 , 276; Honda and Ognra, 8a. Report* 
Tlkoim Imp. Unit., 1914, 8,118. 

1 Harrison, Phil. Mag., 1904, 7, [61 826; Jlnecke, Ztit. angetc. Chta., 
1918, 81, i., 229; Ztit. SItHrxhm, 1919. SB, 9. 
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electromotive force against copper, 1 the electrical resistance 1 
and the rate of cooling. 1 

‘Nickel, likeiron and cobalt, is capable of absorbing hydrogen. 
The solubility is independent of the superficial area of the metal, 
so that the phenomenon is one of true solution and not of adsorp¬ 
tion. At constant temperature, the solubility in the solid and 
molten metal is proportional to the square root of the pressure. 
The gas is more soluble in the molten metal, and when this solidifies 
about twelve volumes of hydrogen are liberated with much 
“ spitting." * 

Nickel is now largely employed for coinage, for electro-plating, 
for the manufacture of many important alloys, and as a catalyst. 
The pure metal is also used for the manufacture of cooking 
utensils, and for the manufacture of crucibles which can be used 
in many laboratory operations, instead of those made of the 
more costly platinum. 

Nickel Coinage—The application of copper-nickel alloys to the 
manufacture of small coin was first introduced into Switzerland 
in 1850. The Swiss pieces of twenty, ten, and five centimes 
contained respectively fifteen, ten, and five per cent, of silver 
alloyed with 10 parts of nickel and 12-4 of zinc, the residue 
being made up of copper. A yellow alloy containing twelve of 
nickel to eighty-eight of copper waB adopted in 1856 by the 
United States Government for the one cent pieces. In 1860 the 
Belgian Government instituted a nickel-copper coinage, contain¬ 
ing twenty-five of the former to seventy-five of the latter metal, 
this same alloy being adopted in 1866 by the United States for 
the five and ten cent pieces, by Brazil in 1872, and by the 
German Government in 1873 for the five- and ten-pfennig pieces. 
The application of this alloy rapidly extended to other countries, 
including many parts of the British Empire, and at the end of 
1912 no fewer than forty-nine countries had adopted it, more 
than four thousand million such coins being then in circulation. 

The alloy is very hard, so that the coins are resistant to wear 
and tear. It is white and of pleasing appearance and does not 
readily tarnish. Unlike the pure metal, it is not magnetic, and 
coins made of the alloy may be distinguished from those of pure 
nickel by this simple test. 

' Werner, foe. til. 

* Beikoo, ItL Ztil. Mttilhf.. 19U, 6. 11S; Luchtoohonko, J.Buu. Pkyt. 
Chen. Sec., ISIS, 46. 311. 

■ Siererie, Ztil. fhgrital. Ckm., 1811,77, 681, 
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It is a very remarkable (act that a coin of the Bactrian King 
Euthydemos, who reigned about 235 b.c, analysed by Flight, 1 
possesses a very similar composition to the alloy in question, 
viz.: 77-58 per cent, of copper and 20-04 per cent, of nickel. 

In 1881, the Swiss Government introduced a new issue of 
20 centime pieces made of pure nickel. These coins have proved 
so successful that many other nations have introduced pure 
nickel coinage to replace silver, bronze, and even cupro-nickel. 
At the end of 1912, Switzerland, Austria, Italy, France, Serbia, 
Montenegro, Mexico, Turkey, and Siam had adopted the metal 
for small coinage, and about a thousand million pieces were in 
circulation. 8 * 

The advantages of a nickel coinage, and especially of pure 
nickel, are many. First, tho metal is more valuable than copper, 
and consequently, for the same value, the coins can be of smaller 
size. Secondly, it is extremely tough, and the coins wear so well 
that replacement costs are extremely small. There is practically 
no deterioration in the Swiss coins which have been in circulation 
for forty years. Thirdly, owing to its hardness, nickel is very 
difficult to work, extensive plant and machinery and highly 
skilled labour being required for the production of coins, so that 
the manufacture of counterfeits would not bo an attractive and 
profitable business. Lastly, nickel provides a clean and beauti¬ 
ful coinage. It has a brilliant surface, takes the impress of tho 
die most distinctly and permits, therefore, of the most elaborate 
designs, a further difficulty thus being placed in the way of the 
counterfeiter. 

In those countries where the silver and nickel coins are of 
about the same size, the latter are made readily distinguishable 
by being perforated, as in France, and Belgium, by having 
scolloped edges, as in India, or by being made square with 
rounded comers, as in Holland and Ceylon. 

Electro-nickel Plating. uPuie nickel is used as the positive pole 
in processes for the electro-deposition of nickel, which are 
especially valuable for coating iron and steel with a thin film of 
pure nickel. If the coating be well deposited, the metal scanty 
undergoes any oxidation, but it is found to adhere better when 
a layer of copper is first deposited on the iron. The process of 
nickel-plating was first applied to fire-arms in order to preserve 
them from rusting. Now, however, it is also used for covering 

1 The Numwnalic Chronicle, A 385 j «nd Pen- dnn., 1870,139, 507. 

' See Report of the Royal Ontario Nickel CotnmUrion, 1817. 
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various parte of maohinM, locks, keys, surgical instruments, and 
other fine iron- and steel-work. A great variety of proposals 
have been mode for tHe preparation Qf the liquid used in this 
process, but the only bath which is practically useful is a solution 
of pure nickel ammonium sulphate, saturated at a temperature 
of 20—25 0 . 1 The salt is only moderately soluble, and consequently, 
in order to increase the conductivity of the bath, it is usual to 
add ammonium sulphate or nickel sulphate or sodium chloride. 
In a neutral solution, there is always a possibility of basic salts 
being formed and deposited on the cathode, thus spoiling the coat¬ 
ing. Boric acid is therefore sometimes also added to the bath. 
' The article to he plated is made the cathode, and the anode 
is of pure nickel either cast or rolled. The cast metal dissolves 
much more readily than the rolled, but the Utter has a more 
uniform composition and therefore dissolves more evenly and 
with less waste. In either case, the plating must bo done slowly 
owing to the difficulty with which nickel » soluble, and for the 
same reason the anode snrface is made greater than that of the 
cathode. 

The deposit is usually very thin, and such only is necessary, 
but attempts to deposit thick layers of nickel have often met 
with failure. The deposition of thick layers is possible only in 
solutions absolutely free of iron.* Iron is deposited more easily 
than nickel, and the first layers are therefore richer in it than 
succeeding ones, so that strains are set up and the deposit flakes 
off. Working in the hot {above 60°) has been recommended 
for the production of thick deposits, but these may be obtained 
quite satisfactorily in the cold in the complete absence of iron. 

Nickel plating can be recognised without damaging the plate 
by placing on it a spot of acid, absorbing this almost immediately 
with filter-paper, and testing the wet spot on the paper by adding 
a drop of ammonia to neutralise the acid, then a drop of acetio 
acid and a drop of dimethyl glyoxime solution, when a red 
coloration is produced.* 

The thickness of the plating can also be determined without 
damaging the plate, 4 The article is first thoroughly cleaned; « 
few drops of a solution containing by volume 1 part of nitric 

1 fier. Snhe. Chtn. Ini* i., 87*! Beonott, Kianj, and DngUu, J. Phfitccl 
Chen., 1914, 18, 373. ' 

1 3m Engemano, toi. IkUnctem., 1911,17, 910. 

1 BUwohi and dl Jfoln, BoU. Chin. {am.. 1910, 4», S17. 

• Poatlo, Comfi mi.. 1915,181,175. 
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aoid, 2 parts of hydrogen peroxide, 3 parte of hydrochloric acid, 
and 6 parts of water are placed on it; after two minates a dnjp 
of ammonia is added; the liquid is then removed and its colour 
examined. If the plating is on copper, a blue colour indicates a 
nickel deposit of lees than 1 mgr. per sq. cm., and if on iron a 
brown colour indicates a deposit of less than 4 mgr., per sq. cm. 
Other thicknesses can be estimated by varying the time of contact 
of the solution with the metal. 

Nickel can also be successfully plated on aluminium if this 
metal be first either subjected to a sand-blast 1 or else scoured 
with milk of lime and then dipped in an acid bath of a metallic 
chloride such as ferric chloride . 1 

Alloys oy Nickel. 

597 In 1826, Th 6 nard in bis Traiil 3t Chimie remarked that 
nickel was not employed for any practical purpose, although 
Engestrom had pointed out so long ago as 1776 that Chinese 
packfong is an alloy of copper, zinc, and nickel, l'ackfong, or 
rather Pack-Tong, means white copper, and Tong-Pack probably 
means the same thing, although in Europe this name, changer! 
to tomback, is employed to describe a particular kind of brass. 
Since the middle of the eighteenth century a white alloy had 
been prepared at Suhl, in Hanneberg, from old copper slag; and 
Brandes in 1823 showed that this white copper consisted chiefly 
of an alloy of copper and nickel, and thuB commenced the 
manufacture of nickel alloyB known under the name of German 
silver, nickel silver, or argentan, a trade which has now attained 
large dimensions. 

Nickel Silver, or German Silver, is an alloy of copper, nickel, 
and zinc, containing its constituents in varying proportions 
according to the method of preparation and the articles for 
which it is used. As a rule, five parts of copper, two of nickel, 
and two of zinc are used, thus giving rise to an alloy which has 
the appearance of silver alloyed with one-quarter of coppef. In 
Sheffield, eight parts of copper, 3-6 of zinc, and three of nickel 
arc employed. A commoner and yellowish alloy is obtained 
when less nickel is used, whereas if more nickel be employed 
the alloy has a bright white colour, ana takes a high, silvery 
polish. The addition of 2-6 per cent, of iron makes the alloy 
whiter, but also harder and more brittle. 

> Quillet end Gamier, Compt. raid., 1920, 173. 1253. 

* Maiuir, .dm. CSim. anal., 1920, [2], 2, 335. 




1S84 


NICKEL 


The following table gives the composition of several ol these 
alloys: No. I. is Chiifcse paokfong analysed by Fyfe; II. the 
same, by Keferstcin; III. German silver by Bolley; IV.-VI. 
various samples of nickel silver used in Birmingham for articles 
to be plated, and analysed by Louyet; VII. an alloy from 
■Sheffield distinguished by extraordinary elasticity and used for 
the friskete of printing presses, analysed by Eisner; and VIII. an 
atloy used for strong castings, such as high pressure steam fittings. 



1 . 

II. 

ill. 

IV. 

V. 

VI. 

Vir. 

vin. 

Copper 

. 104 

26-3 

64-0 

63-34 

62-40 

62-63 

57-4 

70-0 

Zinc . 

. 25-4 

36-8 

28-0 

17-01 

22-15 

26-05 

25-0 

10-0 

Nickel 

. 31-6 

36-8 

18-0 

1913 

15-05 

■10-85 

13-0 

20-0 

Iron . 

. 2-6 

— 

— 

trace 

trace 

trace 

3-0 

— 


1000 

909 

1000 

99-48 

99-60 

99-53 

98-4 

100-0 


In preparing nickel silver it is usual to melt the zinc with 
half the weight of copper which it is ultimately to contain, this 
alloy being then cast into thin plates. The other half of the 
copper is then lused with the nickel under a layer of charcoal 
powder, and the copper zinc alloy is added. After cooling, the 
alloy possesses a crystalline structure, and this is got rid of by 
hammering and rolling, sgain heating, and allowing to cool. 
When it has once lost its crystalline structure, it ran be worked 
like brass, and although it is harder and tougher it may be rolled 
out to foil and drawn to wire. Hence this alloy is used for a great 
number of purposes, as it is much cheaper than silver, and less 
apt to be discoloured. On the other hand, it is more readily 
attacked by liquids, and for this reason nickel silver articles 
employed for household use are generally covered with a coating 
of silver. The addition of small quantities of aluminium has 
been shown to improve greatly the quality and appearance 
of nickel silver. 1 

Nickel and copper alone mix in all proportions, giving many 
important alloyB. These alloys of nickel, on fusing, absorb a 
considerable quantity of gas, and the higher the temperature and 
the percentage of nickel the greater is the quantity absorbed. 
Kiinzel found that if an alloy of eighty parts of copper and 
twenty of nickel be fused in a crucible half filled with the 
mixture, and this quickly cooled, the mass froths up from the 
evolution of gas, and runs over the top of the crucible. If a 


> See Quillet, Comp I. rad., 1914, U8, 704. 





ALLOYS OF NICKEL 


1366 


copper-nickel alloy be granulated in wat^r, yellow .globules are 
obtained, and these are frequently so thin that they float on 
the surface of the water' , 

An alloy of 75 per cent, copper and 25 per cent, nickel is 
utilised in many countries for the manufacture of currency. 

An alloy of nickel with four parts of copper, known as cupro¬ 
nickel, is used for the casing of bullets to be employed with small¬ 
bore rifles. A very similar alloy containing 14 to 16 per cent, 
of nickel and 84 to 86 per cent, of copper is known as Benedict 
metal. 

Monel metal is an alloy of nickel and copper possessing remark¬ 
able mechanical properties. It is made directly from the nickel- 
copper matte produced from the Sudbury ores (see p. 1358), and 
is therefore a “ natural ” alloy. It contains from 60 to 72 per 
cent, of nickel, from 0-5 to 6'5 per cent, of iron and manganese, 
the remainder being copper. 

The addition of nickel to copper greatly increases its electrical 
resistance, tbo maximum resistance being obtained with about 
40 per cent, of nickel; the resulting alloy is known as Conslantan, 
on account of its low temperature coefficient. 

Other high resistance alloys containing nickel are Platinoid, 
consisting of GO per cent, of copper, 24 per cent, of zinc, 14 
per cent, of nickel, and I to 2 per cent, of tungsten; Rhco/tan, 
containing 52 per cent, of copper, 18 per cent, of zinc, 25 per 
cent, of nickel, and 5 per cent, of iron; Manjanin, containing 
4 to 40 per cent, of nickel, 60 to 80 per cent, of copper, with 
1 to 12 per cent, of manganese; Nichrome, containing 60 
per cent, of nickel, 14 per cent, of chromium, and 15 per 
cent, of iron; and IUium, containing about 60 per cent, of 
niokel, 6 per cent, of copper, 21 per cent, of chromium, 4 per 
cent, of molybdenum, 2 per cent, of tungBten, and 1 per cent, 
each of iron, aluminium, manganese, and silicon.* The two 
last named are also remarkably resistant to corrosion and to the 
action of acids, and possess great mechanical strength. 

By far the most important application of nickel for alloys, 
however, is in the manufacture of nickel-steel, and fully half the 
world’s production of nickel is used for this purpose. Nickel- 
steel contains usually 2'5 to 3-5 per ceflt. of nickel, which gives 
it a far greater tensile strength and ductility and also renders 

1 Ber. /Satin. Chm. Ini., i„ 887, 

* Parr, Joum. Amer. Ciem. See., 1918, 87, 2510; J. See. Chtm. Ini., 1D18, 
34,1097. . 




it more reactant to wear and to corrosion. Apart from its nae 
for armaments, nickel-steel is largely used in engineering, notably 
fo r bridge-building and for crank-shafts and other important 
parts of machinery. Nickel-steel is the term applied to aQoys 
of iron containing lees than 5 per oent. of nickel, but other alloys 
containing a higher percentage of nickel are also of importance. 
Invar contains 35 per cent, of nickel and about 0-5 per cent, of 
carbon. Its coefficient of expansion is practically nil, and as it 
takes a high polish and is not corrodible.it is largely used in the 
manufacture of chronometers. PUuiniie containing 46 peT cent, 
of nickel and 0-15 per cent, of carbon has practically the same 
coefficient of expansion as platinum and is therefore nsed for 
fusing into glass instead of that expensive metal. 

Nickel as a Catalyst.—Nickel in the finely divided state is a very 
important catalyst. It is readily made by reducing the oxide 
in hydrogen, but its activity depends upon the mode of prepara¬ 
tion. The reduction should be carried out at as low a temperature 
as possible, and for this reason the oxide employed should be 
obtained by precipitation or by ignition at the lowest possible 
■temperature. A very active material is made by reducing the 
hydroxide in hydrogen at a temperature not exceeding 300°. 
The metal obtained in this way is pyrophoric, and as the oxide 
produced on allowing this to oxidise is more readily reducible 
than the original, a still more active catalyst can be obtained by 
allowing it to oxidise and then reducing it again. 1 The prepara¬ 
tion of the active metal is best made in the vessel in which the 
catalysed reaction is to be carried out so that no oxidation may 
ooour through any transference. 

The metal is very readily " poisoned ” by certain substances, 
notably the halogens, sulphur, phosphorus, and arsenic. The 
oxide is therefore prepared from the nitrate rather thsn the 
sulphate or chloride, but if the latter are used the precipitated 
hydroxide must be most carefully washed. The hydrogen used 
for reduction and for subsequent reactions must be thoroughly 
freed from these substances, and this is best done by passing 
the gas first over copper turnings heated to redness and then 
through caustio potash. Even though all the substances are 
highly purified, the activity of the nickel gradually becomes 
enfeebled daring use owing to traces of toxic substances which 
gradually accumulate, and also to non-volatile matter condensing 


1 Ssndenni and Abooiene, Suit See. Am., 191?, [4], 11,641. 
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on the surface of the metal and thus preventing contact with the 
reacting substance*. 1 t 

The reactions are carried out simply by passing the vapetar 
of the substance, or the vapour mired with hydrogen, through 
& layer of the finely divided metal maintained at the requisite 
temperature. In order to afford a larger active surface to the 
action of the vapours, the metal ie sometimes deposited on a 

carrier ” such as pumice-stone or fire-clay. • 

When acetylene is passed through finely divided nickel, even 
in the cold, it is completely decomposed, part of it being converted 
into benzene and other polymerides, but the greater part being 
split up into carbon and hydrogen.’ Ethylene is completely 
decomposed by the motal at about 300°, chiefly into methane, 
with traces of higher hydrocarbons, and partly into hydrogen, 
carbon being deposited,’ C,H t — CH 4 -f- C. 

The catalytic activity of nickel has been the subject of much 
research, chiefly by Sabatier and Senderens and their co-workers, 4 
especially in reductions, which are easily effected by passing 
the vapour of the substance with excess of hydrogen over the 
catalyst. Thus, by the simple addition of hydrogen, the 
unsaturated hydrocarbons, including those of the benzene scries, 
are converted into the corresponding saturated compounds, and 
aldehydes and ketones yield the corresponding alcohols. 5 Carbon 
monoxide and dioxide are reduced to methane and nitro-com- 
pounds to amines. In general, these reactions proceed at a low 
temperature, and their rate increasea with rise of temperature 
up to about 180°, where they proceed very rapidly. At higher 
temperatures, the reaction is often reversed, hydrogen being 
liberated, and at about 380° the higher organic compounds are 
decomposed chiefly into simple hydrocarbons with deposition of 
carbon. 4 

This fact finds an important technical application of finely 
divided nickel as a catalyst for the removal of carbon disulphide 
from coal-gas, thus reducing its sulphur content considerably. 

1 Sabatier, J. Scc. Chtm. Ini., 1014,38, 733 i Crowley, ibid., 1914,83.1130. 

1 Moiuan and Moureu, ConpL rend., 1S96, 1£2, 1240. ^ 

* Sabatier and Benderene, ibid., 1397,124, 816. 

* Ibid., Ann. Chin. Phyt., 1905, 4. 319; ibid., 1909,16, 70; Sabatier. Btr. 
1911,44, 1984. 

* See Bias Broqhet, Cowj* rend., 1914, 188, 1351 ; Brochet and Bauer, ibid., 
1914,1S0, 190; Broobetand Cabaret, ilti., 1914,158,328; Sandonnini, Gee., 
1922,88, fi], 394. 

* Sabatier and Gandion, Crmpl. rend., 1919,148, 670; Maitbe, Chen. Zenit., 
1921. [1], 717. 
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The catalyst is made by impregnating balls of fire-day with a 
nickel salt. They are filled into towers and the salt is reduced to 
metal in a stream of coal-gas, The towers are kept at a tempera¬ 
ture of shoot 400°, and the gas to be purified is passed through. 
The carbon disulphide is decomposed, the carbon being deposited 
and the sulphur uniting with the hydrogen of the gas to form 
hydrogen sulphide, which is then absorbed by ferric oxide in 
the usual manner (Vol. I, p. 882). After running for some weeks 
a tower becomes so filled with carbon that it ceases to work. 
It is then blown out with inert gas (carbon dioxide), and a current 
of air is passed through. This completely burns the carbon, 
which is swept away as carbon dioxide, and converts the nickel 
to oxide. The tower is then again Bwept ‘out with carbon 
dioxide to displace the air, and put into operation again. The 
coal-gas first reduces the oxide to nickel and this is os active 
as before in the removal of the carbon disulphide. 

The oxides of nitrogen when passed with hydrogen over finely 
divided nickel are reduced to nitrogen and ammonia, the relative 
quantities depending on the composition of the mixture, the rate 
at which it is circulated over the nickel, the temperature of the 
reaction,and also the state of the catalyst. 1 Snlplmr dioxide and 
hydrogen, when similarly treated, yield hydrogen sulphide* 
while if hydrogen be passed over a mixture of finely divided 
nickel and phosphoric oxide, phosphine is obtained.* 

By far the most important application of the catalytic pro¬ 
perty of nickel is in the hydrogenation or “ hardening ’’ of oils 
for the manufacture of soap and of margarine. Very few details 
have been published of the methods in use, but the process 
consists in treating the liquid oil with purified hydrogen in the 
presence of nickel.* The catalyst is prepared by reducing the 
oxide as already described, and is introduced into the oil without 
exposure to air, or, more usually, the oxide itself is added to the 
oil and reduced in situ by the hvdfogen. The formate or 
oxalate may be used instead of the oxide, and are said to give a 
very active metal. 1 A new method has been suggested in which 
niolsel oxide is treated in a tube with a mixture of carbon 
monoxide and hydrogen, and the nickel carbonyl thus formed is 
swept over into the .hot oil and there instantly decomposed, 

i Gays and Solineider, Helvetica Chim. Acta, 1918,1, 33. 

* Neogi and Adaicary, Zo'f. mary. Chtm., 1910, 88, 909. 

1 See Ellia, J. See. Che n. l*i„ 1912, 31,11JS; Armstrong and Hildltch, 
Pm. Hey. Sec., 1921, [A), 100, 240. 

* Broshe t. BA See. thin., 1920, [4], 87, 697.899. 
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yielding the metal in a very finely divided and active condition. 1 
The mixture of oil and catalyst is kept »t a temperature depend¬ 
ing on the constitution of the oil and the amount of nickel addfed, 
but generally about 150° to 260°, and purified hydrogen is 
bubbled through with constant stirring. In some cases treat¬ 
ment with hydrogen under pressure has been found to bo more 
rapid and satisfactory, and it U claimed that the nickel is then 
not so sensitive to impurities in the oil and hydrogen. 4 Alter 
hydrogenation, the oil iB filtered in order to remove the nickel, 
and the metal thus recovered is available for further use. 

The original oil is an unsaturated compound, and is thus 
converted ifito a saturated body of higher melting point. For 
example, oleic acid, m.p. 14°, is readily transformed into stearic 
acid, m.p. 69°, and whale oil (which is worked up in very large 
quantities) yields a solid of m.p. about 64°. 

Some believe that nickel oxide acts as a catalyst 4 and that 
when the oxide is added to an oil and hydrogen passed through, 
it is reduced to a nub-oxido which forms a black, colloidal solution 
with the oil and is responsible for the catalysis.* Most authori¬ 
ties, however, hold that all activo oxides contain the finely 
divided metal which alone can act as a catalyst.* 

Colloidal Nickel .—Nickel can be obtained in colloidal aqueous 
solution by coating iron or zinc wires with the metal and then 
“ pulverising ” it by llredig's electrical method. 8 It has also been 
obtained as a colloid in organic solutions by a spark discharge 
from the granulated metal under the liquid. 7 

If nickel be heated in the Bunsen flame and plunged into cold 
water, a solution is obtained containing the metal and also the 
hydroxide in colloidal solution.* 

A colloidal solution of pure nickel is obtained by heating a 
solution of nickel carbonyl in benzene.’ This yields a beautiful 

* Leering, J. Soc. Chem. Inti., 1913, 32. 917. 

a Ipaliov, J. Shu. Ph'js. CVm. Soc,, 1014, 46. 302. 

5 Bedford and Erdmann, J. pr. Chun., 1913, 12J, 87, *2J5; Senderrna and 
Abonleno, Bull. Soc. Mm., 1916, (4], 17. 14. 

‘ Bedford and Erdmann, lor. ei'L, Willatittcr and WaJdichmidt-Leitt, Ber., 
102], 54, [B], 113. " 

* Meigen and Bands, J. pr. Chun., 1014, [2J. 88, 200; Normaim and 
I’tinge, Chem. Ziit., 1916, 3Sf 29, 41; Nurmann, Chem. ZtiL, 1910. 40. 767; 
Armatrong and Hilditch, Ptac. Roy. Soc., 1921, [A], 08, 490; Kelbcr, Ber, 
1921, 54. [fl], 1701; Nornann, AH., 1922, M, [B], 2193. 

* BillitiOT, Btr., 1902, 85, 1929. 

' Svedborg, Ibid., 1905, 38, 3618; Aid., 1905, 88. 1705. 

* Kimura, Mem. CoS. Sei. Eng. Kyoto Imp. Unto., 1913,6, 211. 

* Ostw&ld, KoUoid Zeit.. 1914,15, 204. 



violet-grey solution, whereas all the other methods of preparation 
give a brown product. r 

Seduction of colloidal nickelous hydroxide or of the freshly 
precipitated hydroxide in the presence of sodium protalbinate 
as protective colloid, by means of hydrogen with colloidal palla¬ 
dium as catalyst, also yields a colloidal solution of nickel* 

A colloidal solution is similarly produced by reducing nickel 
formate, acetate, or freshly precipitated hydroxide, dissolved or 
suspended in glycerine, with hydrogen at 200 ° to 210 ° or with 
hydroxylamine, hydrasine hydrate, formaldehyde, or hypo- 
phosphorous acid. Gelatin or gum arahic is used as a protective 
colloid. Addition of water precipitates a brown mass containing 
about 30 per cent, of nickel, and this is soluble again in alcohol 
or glycerine* 


COMPOUNDS OF NICKEL. 

Nicxel and Oxygen, 

598 A large number of different oxides of nickel have been 
described, the most important being the monoxide, NiO, which 
is the only one yielding a corresponding series of salts. In 
addition, the seaquioxide, Ni,Oj, has been prepared, and peroxides 
are obtained by the electrolytic oxidation of the metal. 
Trinickel tetroxide , 3 Ni,0 4 , has been described together with 
several other oxides such as Ni 4 0„‘ Ni 4 0„‘ and Ni,0,,° as well as 
the suboxides Ni,0,’ Ni,0,° and Ni 4 0,* but these are probably 
mixtures of the monoxide with peroxide in the one case and nickel 
in the other . 10 

Nickel Monoxide or Nickebtu Oxide, NiO.—This substance 
occurs as bunsenito at Johanngeorgenstadt in Saxony, in 
vitreous, translucent, pistachio-green, regular octahedra having 
a specific gravity of 6-398. It may bee obtained by strongly 

1 P«*I, Ber., 1914, 47,2202. • Kelber, Ikii., 1917, B0.1509. 

* Beubigny, Com}*. tend., 1871, 17, 1082; Dudley, J. Atn*r. dm. Boe., 
1696^18, 901; Bellncoi u>d Bubegnl, Atti R. Acad, lined, [51, 190«, IS, 

. 778. 

* Wicke, John*.. 1885,267. 

‘ Schrbder, Journ. Clem. Sat., 1890, S8, 1213. 

< CSem-iVew, 1879,», 81. 

* Mailer, Pofl. Asm, 1869,136, 69; Tucbugae? end Cboplin, Com}*, rend.. 
1914, U». 82. 

* Moore, Chem. Salt, 1896,71, 81. 

* Seboiler and Eepfl. Com}* rad., 1914,168. 988. 

» See Woiler and Bali, Zml. EUkimAm, 1921, (7, 408. 
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heating the hydroxide, seaquioxide, carbonate, or nitrate in the 
form of a green, crystalline powder* which becomes deep- 
yellow on heating. If nickel borate be ignited with lime id a. 
pottery furnace and the mass treated with hydrochloric) acid, 
nickel oxide remains behind in green cubo-octahedra which have 
a specific gravity of 6-8 (Ebelmen), whilst if the metal be ignited 
in a current of steam, pale olive-gTecn crystals of the oxide 
are formed.’ When heated in the air, nickelous oxide at first 
absorbs oxygen, but losea it again at a higher temperature. 
In the electric furnace, it melts and solidifies in green crystals, 1 
which may also be obtained as minute cubo-octahedra of Bpccigp 
gravity 7-46 by heating with excess of potassium chloride at 
1000°.* It*is re&dily reduced by hydrogen at 230°, 3 by carbon 
monoxide at 120°, and by solid carbon at 480°, but these tem¬ 
peratures depend on the physical condition of the oxide, The 
dissociation pressures of nickelous oxide have been mensural 
between 800° and 1245°.* 

Nickelous oxide, like cobaltous oxide, forms compounds when 
fused with many other metallic oxides. With alumina, a well 
defined blue aluminate, NiO,Al,0„ is produced, with stannic 
oxide a green utannate, and with zinc oxide a green zincate. 
These compounds dissolve in excess of the oxide to form solid 
solutions the colour of which varies with the relative proportions 
of the constituents. With magnesium oxide, nickelous oxide 
forms mixed crystals which are intermediate in colour between 
the two components, and with manganous oxide mixed crystals 
of a yellowish-green oolour. 5 

Nickel Hydroxide, Ni(OH)* is thrown down when a solution 
of a niclfel salt is heated with potash or soda, as an apple-green 
precipitate slightly soluble in water. It dissolves in ammonia 
with a blue colour, and separates out as a green, crystalline 
powder on boiling the ammoniacal solution. Nickel hydroxide 
has been prepared in colfcidal solution by using sodium lysalbate 
as a protective colloid.* It may also be obtainod by precipitating 
nickel chloride with potassium hydroxide and washing free from 
electrolytes or by dialysing niokel tartrate solution.’ " 

> MoiMan, Amt. CUm. Pipe., 1880, [8], XL 199; Coeipi, mi, 1882, 115, 
1034., * • 

■ Hadvall. 20c anerg. CStm., 1815.98, 381. 

« Ipatieff, J. pr. CSe*.. 1908,77. 518. 

‘ Foote and Smith, J. Auer. Om. See., 1808, SO, 1844. 

* HedvaU, teil anory. Chem.. 1918,108. J49. 

. • Pul and Brflnjea, Ber., 1914,47. 2300. 

» Tow and Cooke /. Pip., Chem., 1922,119, 981. 
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The salts ,of nickel are derived from the monoxide. In the 
anhydrous condition, and formed from colourless acids, they are 
usually yellow-coloured, whilst in the hydrated state they possess 
an apple-green to an emerald-green colour. The soluble norpial 
salts have a slightly acid reaction and a sweetish, astringent, 
metallic taste, and act as emetics, 

Nickel Sesquioxide, Ni,Oj, is a black powder obtained by 
gentle ignition of the nitrate or carbonate in the air, and is 
converted at a higher temperature into the monoxide. When 
the sesquioxide is heated in the oxy-coal-gas flame it yields 
metallic nickel, 1 which on cooling becomes covered with a film 
of oxide. It dissolves in sulphuric and nitric acids with 
evolution of oxygen, and in hydrochloric acid with evolution 
of chlorine; with ammonia, nitrogen is evolved: 

3Ni,O a + 2NH, + 3HjO = 6Ni(0H) a + N,. 

When potassium is burnt in the air in nickel vessels, and tho 
product treated with water, black prisms remain having the 
composition Ni a 0j,2H0, which rapidly oxidise organic sub¬ 
stances. 2 It appears most probable that tho sesquioxide is a 
compound of the monoxide and dioxide, NiO,NiO s , and is to be 
regarded as nickelous nickelite. 

When chlorine is passed through nickelous hydroxide suspended 
in water, or when a solution of a nickel salt is warmed with an 
alkali hypochlorite, a black precipitate is formed which is 
generally regarded as nickd Irihydroziie, Ni(0H)„ corresponding 
to the sesquioxide. According to Bellucci and Clavari,* however, 
this substance is in reality the hydrated dioxide, Ni0 2 ,rH,0, 
which rapidly loses oxygen. 

Nickd Dioxide, NiO a , has not been prepared in the anhydrous 
state, but a compound of this oxide and baryta termed barium 
Mckdile, Ba0,2Ni0j, is formed when barium carbonate is strongly 
heated with nickel sesquioxide in the eljctric furnace, It forms 
dark coloured orystals of sp. gr. 4-8, which are rapidly decom¬ 
posed by hot water and dissolve in hydrochloric acid with evolu- 
tiorrtif ohlorine. 1 

1 Road, Jmn. Cbm. See., 18M, 86, 314. 

1 Hofmann and Kiendlmber, Sir., 1906,89, 3184. 

• Ora., 1906. 14 it, 234: A* R. A«od. Unai, 1907, [61 16, i„ 647: 
compare Mini and Mnegktt, tot may. Cion., 1908, 60, 178; Tanatar, 
Sir., 1909, 48. 1816; Tubandt and Riedel, ibid., 1911,14, 2665; hit. anorf. 
Cbtm., 1911,78,219. 

* Wan. Compt. rod. 1898,128,495. 
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A peroxide of nickel, of uncertain composition, & formed by 
the electrolytic oxidation of the metal, $nd plays a part in the 
Jungner-Edison accumulator . 1 According to ‘HoUaid , 1 the. 
letraxide, Ni0 4 , is produced by the electrolysis at 70° of a very 
dilute solution of p nickel salt containing chromic acid and 
an alkali pyrophosphate. 

Nickel and the Halogens. 

599 Nickd Fluoride, NiF s , is obtained by dissolving the 
hydroxide or carbonate in hydrofluoric acid and evaporating, 
when blue-green crystals of NiF„3H,0 separate . 3 These are 
decomposed* by boiling water with formation of an insoluble 
pale green oxyfluoride. The acid salt, NiF 2 ,5HF,GH ! 0, is also 
known.* 

The anhydrous fluoride is obtained by heating the chloride 
with ammonium fluoride in a current of hydrogen fluoride.* It 
forms volatile, green prisms of specific gravity 4-63, which are 
not attacked by mineral acids, but are reduced by hydrogen. 

Nickel fluoride forms double salts with the alkali fluorides. 

Nickel Chloride, NiCl*.—Finely divided nickel burns with a 
bright light when it is slightly heated in dry chlorine gas, form¬ 
ing yellow scales resembling mosaic gold. If a solution of the 
oxide or carbonate in hydrochloric acid be evaporated to dryness, 
the anhydrous chloride is obtained as a yellow, earthy mass 
which dissolves readily in water with evolution of heat. On 
gently heating for some time in the air it evolves chlorine, leaving 
a residue of the oxide. In absence of oir, on the other hand, 
it can be. sublimed, and is then obtained in golden scales which, 
when boiled for some timo with caustic potash, are completely 
converted into the hydroxide. They become gradually coloured 
green on exposure to the air owing to the absorption of moisture, 
and are then easily soluble in water. The salt, NiClj,6H 2 0, 
is obtained in short, six-sided prisms on concentrating the solu¬ 
tion; these are easily soluble in water and in alcohol. The 
hexahydrate is stable in contact with its saturated solution, np 
to about 70°.* Mono- and di-hydrates are also known. 

1 See Zedner, Zut. EkUndifm., 1905, U, 809; 1909, 12, 403; 1907, 18, 
752; Joenter,i»M„ 1907,13.414; 1908.14,17; RifeenfeH,tKi., 1906,12,821. 

’ Comft. rml., 1903,136, 229. 

■ CompMo CoetSoheeou, .4**. 8ci. Unit. Jauy, 1911,7, 5- 

< Edminjier end Cooper, J. Amtr. Chtm. 8oc., 1920, 42, 2419. 

1 Ponbnc, Comfl. read, 1892,114,1428. 

' fltud, Am. CUm. Phyt., 1894, [71 2 , 539. 
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The anhydrous chloride absorbs ammonia at the ordinary 
temperature, swelling up to a white powder possessing a slightly 
viblet tinge, and having the composition NiO„6NH 3 . The 
same compound is obtained in blue octahedra by dissolving the 
chloride in ammonia and allowing the solution to cool. This 
salt readily evolves ammonia when exposed to the air. It is 
easily soluble in wateT, but less so in strong alcohol. A 
diammoniate and monammoniate have bIbo been prepared. 1 
Similar compounds are formed by the bromide and iodide. 

Nickel Bromide, NiBr,.—Finely divided niokel absorbs bromine 
.vapour when heated in it, becoming incandescent. In absence 
of air, the bromide sublimes at a red heat in golden scales. It 
is also formed by the addition of bromine to finely divided 
nickel under ether. A yellow compound, NiBr,,(C,Hj),0, ia 
obtained, and this, on heating, loses its ether and yields niokel 
bromide. 1 The anhydrous salt deliquesces on exposure to air 
and is readily soluble in water. The solution, which is also 
obtained by bringing the metal in contact with bromine and 
water, gives on evaporation deliquescent needles of NiBrj,3H,0. 
A dihydrate, heiahydrate, and nonahydrate have also been 
prepared. 

Nickel Iodide, Nil,.—If nickel powder reduced in hydrogen 
be heated with iodine, or if the hydroxide he dissolved in hydr- 
iodic acid, the solution evaporated to dryness in absence of 
air, and the solid heated, nickel iodide sublimes in iron-black 
scale*. The solution when evaporated to a syrup deposits 
bluish-green, very deliquescent prisms having the composition 

NiI„6H,0. 

Nickel Chlorate, NifCIO,),, is obtained by double decomposition 
of nickel sulphate and barium chlorate solutions, and forma 
three hydrates containing respectively 6, 4, and 2 molecules of 
water* The perchlorate made by dissolving the hydroxide or 
carbonate in perobloric acid, 4 gives hydrates with 9, 8, 5, and 4 
molecules of water, and also forms a hexammoniate.* 

Nickel Iodate, Ni{IO,)j, forms a tetrahydrate and two isomeric 
dihfdrates. The tetrahydrate loses water, iodine, and oxygen 
below 100°. The dihydrate exists in two isomeric forms. The 
a-variety is made by the action of nickel nitrate and iodic acid 

1 BUtz and PetienlwMr, Ecil, tnorf. Citm., 1613,8!. 183. 

1 DoooUiet and Raynaud, Ctmft. rend., 1914,188,2002. 

• Meiunr. Ba.. 1602,15,1414. 

1 Goldblum sod Tvilikoudd, Sufi. Sat. eiim., 1912, [41U, 103. US. 

• Sabudorf, flat., 1912,tt, [1], 4 S». 
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at 25-30°, and in converted into the / 8 -form by warming in the 
presence of water to 50°. The a-form ig only slightly soluble in 
water and the /3-form still less soluble . 1 • • 


‘Nickel and Sulphur. 

600 Nickd Subsulphide, Ni,S, is obtained as a bronze-yellow, 
uon-crystalfine mass when the monosulphide is heated in £he 
electric furnace, and on further heating loses the remainder 
of the sulphur, forming metallic nickel . 2 

Nickd Monosulphide, NiS, occurs as millerite, being occ^ 
sionally foqpd in brass-yellow rhombohedra, but more com¬ 
monly in capillary crystals. When nickel and sulphur are 
heated together above the melting point of the latter, this same 
compound is formed with incandescence as a bronze-yellow, 
brittle mass which is not soluble in hydrochloric or sulphuric 
acid, but dissolves in nitric acid or aqua regia. It is also 
obtained by passing hydrogen sulphide over nickol at a red heat. 
The black, hydrated sulphide is precipitated when ammonium 
sulphide is added to a nickel salt. This is difficultly soluble in 
hydrochloric acid, but slightly soluble with a brownish colour in 
ammonia, as well as in yellow ammonium sulphide and 
other alkaline polysulphides; it is precipitated from these 
solutions on exposure to the air, or on addition of acetic acid. 
In the moist state it oxidises readily on exposure to the air. 
When a solution of 0 nickel salt is heated with sodium thio¬ 
sulphate, the monosulphide is obtaiued in the form of a dense 
black precipitate which does not undergo alteration on exposure 
to the air, and which is not acted upon by boiling hydrochloric 
acid. 

The sulphide is not precipitated by sulphuretted hydrogeu 
in presence of dilute hydrochloric acid, and yet the precipitated 
sulphide, when obtained from an alkaline solution, is found to 
be insoluble in dilute hydrochloric acid. It appears probable, 
therefore, that n rapid change occurs in tho freshly precipitated 
sulphide, and that it thus passes into a form which is ins dibble 
in dilute hydrochloric acid* There are probably three isomeric 
forms of the sulphide. The a-sulphide is the form chiefly pro¬ 
duced when dilute solutions of nickel salts are slowly mixed with 

1 Moubku-.&t., 1801.84,2432. 

* Mourlot, C<mpt. rend., 1887, 184, 768. 

* 8m Thiel and OhJ, Zrii. may, Cirm,, 1809, 81, 390. 

vol. n. (ir.) ' 
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dilute solutions of alkali sulphides at the ordinary temperature 
and in the absence of pir. It is readily soluble in the oold in 
mineral acids-.of concentration as low as 001#. It is quite 
Stable in absence of air when kept in contact with pure water, 
but in contact with solutions in which it is slightly soluble it is 
transformed into the fl- and ^-varieties. The /9-sulphide is 
obtained when a solution of nickel acetate acidified with acetic acid 
is precipitated with hydrogen sulphide. It is almost insoluble in 
2#-hydrochloric acid in the cold, but dissolves'rapidly on boiling. 
Tbe 7 -sulphide is obtained by boiling the /9-form with acetic 
^acid. It is practically insoluble in boiling 2#-hydrochloric acid. 
One form is thus converted into another by treatment with a 
reagent which has a slight solvent action on it but not on the 
product. The difference between tbe three forms ie supposed to 
be due to differences in molecular complexity. 1 

The freezing-point curve for mixtures of nickel and sulphur* 
shows that the only oompound capable of existence in contact 
with the melt is NijS* melting at 787°. NiS, NijS*, and NiS, 
also exist, but dissociate below the melting point. 

timmaU, (Ni.Co.FeJjS,, is an important nickel ore occurring 
at various places in considerable masses. 

Nickel Sesquisulpkide, NijS*—A black precipitate having 
approximately this composition is obtained by acting on nickel 
carbonyl with sulphur dissolved in carbon disulphide. 5 

Nickel Disulphide, NiS* is obtained as an impalpable iron- 
grey powder by strongly beating a mixture of nickel carbonate, 
potassium carbonate, and sulphur, the reeidue being lixiviated 
with water. 

Nickel Sulphite, NiSO,, is obtained by dissolving the 
hydroxide in sulphurous acid. It crystallises with 4 or 6 
molecules of water. It dissolves in ammonia to give a hydrated 
ammoniatc, NiSOj^NHj.SHjO, and forms a double salt with 
ammonium sulphite. ■ 

Nickel Sulphate, NiS0 4 .—This salt was first obtained in the 
pure and crystalline condition in 1776 by Bergman, In order 
to -prepare it, nickel or its hydroxide or carbonate is dissolved 
in dilute sulphuric add. The evaporation of the neutral 
solution at the ordinary temperetrire yields green, rhombic 
prisms of the heptahydrate, NiSO^HjO, isomorphous with 

1 Thiel and Qenner, 3eii. anaej. Ohm., 1914, 88, 1 ; Okm. Zmtr., 1814,1,18. 

1 Boraeauusn. Mdallurjie, 1008, J, 13; 1801,7, 867. 

> Dewar sod June*, Jam. Ckm. Sac., 1904,8ft 111. 
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magnesium sulphate, and with the corresponding iron and cobalt 
sulphates. The heptahydrate is knowx^also as nickel vitriol, or 
morenosite, occurring in acicular crystals, ami as a fibrdua, 
efflorescence on certain nickel ores. On prolonged exposure to 
the air, the heptahvdrate changes into aggregates of blue tetra¬ 
gonal crystals of the hexahydrate. It has long been thought 
that this change is brought about by the action of sunlight, 1 but 
it is really Simply a case of efflorescence. 1 If the crystals arS in 
an atmosphere saturated with water vapour, no change takes 
place even in the strongest light, but, on the other hand, if the 
atmosphere be dry the change occurs in the dark. This latjpp 
Compound pay be prepared by the slow evaporation at the 
ordinary temperature of solutions containing 30 per cent, 
sulphuric acid; it is stable in contact with its saturated solutions 
between 32° and 53°.® If the heptahydrate or the blue hexa¬ 
hydrate is left -in contact with the saturated solution above 54°, 
it is converted into bright green, monoclinic crystals, which have 
also the composition NiS0 4 ,6H 8 0. The hexahydrate is therefore 
dimorphous. At a temperature about 318° the hexahydrate is 
transformed into the dihydrate, and if heated above 280°, the 
salt loses the whole of its water. A tetrahydrate iB obtained by 
crystallising the heptahydrate from sulphuric acid of specific 
gravity 1-4. One hundred parts of saturated solution contain 
(Steele and Johnson): 

At 0“ IB" 30“ U-r DO" 00° 80° 00° 

NiSO* 21-4 25 5 29-8 32-4 33-4 35-4 38-7 43-4 parte. 

Various basic sulphates have been described.* 

The anhydrous sulphate absorbs ammonia, becoming strongly 
heated and increasing in bulk, forming a violet-white powder 
with the composition NiS0 4 ,6NH,. On dissolving the sulph¬ 
ate in strong ammonia and cooling, or allowing the solution to 
evaporate over sulphurig acid, transparent, dark blue, tetragonal 
prisms crystallise out having the composition NiS0 4 ,4NHj,2H,0. 
A compound of the formula 2NiSO 4 ,10NHj,7H 2 O has also 
been described. « 

Nickd Ammonium Sulphate, (NH 4 )^0 4 ,NiS0 4 ,6Hj0.—This 
salt is employed in the pjocess of niokel-plating. It is obtained 
by dissolving nickel, free from iron and copper, in dilute 

> Phillips ud Cooper, Fogg. Ann., 187#, 6,194. 

1 Dohroeeidoff, J. Kvu. Fkgt. Om. See., 1900, 82. 300. 

1 Stools sod Johneoo, Sow*. Ckm. Sac., 1901, 85,113. 

« Pickering, i5ii, 1907, CL 198D. 
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sulphuric acid, and adding ammonium sulphate to the concen¬ 
trated acid solution. TJhe crystalline paste which is deposited 
,is'washed with cold water and purified by recryatallisation. 
It crystallises in short, bluish-green, monoclinic prisms. One 
hundred parts o£ water dissolve (Link): 

' At 3-6° 10° 20° 30° 40° 80” 08° 85° 

(NH^SO^NiSO, 1-8 6-8 5-9 8-3 11-5 14-4 18-8 28-6 parts. 

The salt is almost insoluble in an acidified solution of 
ammonium sulphate (Thomson). Many other double sulphates 
are known, 1 and also a double salt with mercuric cyanide, 
^SO„Hg(CN)s,10H s O.= 

Nickel seUnate forms double salts with the,alkali selenatc-s. 
These are of the same type as the double sulphates and 
isoinorphous with them. 3 


Nickel and the Elements or the Nitrogen Ghoui 1 , 
and Boron. 

6oi Nickel Nitride is obtained by the action of excess of 
ammonia on metallic nickel at 40(4-000°, and forms a black 
powder which readily dissolves in dilute sulphuric and hydro¬ 
chloric acids.* The composition of the product is intermediate 
betweon those corresponding to the formule Ni 3 N and Ni s N s . 
By heating nickel&wide at 120° in vacuo, a black, amorphous 
powder of the nitride, Ni,Nj, is obtained . 5 

Nickd Azoimide or Azide, Ni(Nj) f , is obtained together with a 
basic azoimide, NjNiOH, on treating a nickel salt with azoimide 
in aqueous solution . 4 It is obtained in the pure state by shaking 
the dry basic azoimide or finely divided nickel carbonate with 
azoimide in ethereal solution . 7 It is a sandy, green powder 
which absorbs water and holds it tenaciously. It is readily 
soluble in water, but soon hydrolyses in solution. It is extremely 
explosive and very sensitive even to the slightest rubbing. 

Nickdamide, Ni(NH 2 ) t , is obtained by the action of potassamide 
on nickel thiocyanate in liquid ammonia . 1 It is a red, flocculent 

1 See Tuttoc, PUL Trent., 1915, [A], OJ, 1. 

> Scogli.rini nod Bonini, (hi, 1920, SO, '2J, 114. 

1 Tutton, m Tmu., 1*17, [A), 217.199. 

1 Beil by and Hendoraa, Joun. Chem. Sac., 1901,79, 1281. 

1 Bshort, J. Plgtical. Clem.. 1915,18, 537. 

* CortiMAnd Riwom, J. pr. Clem., 1898, [2], 58, 281. 

’ Wdhlor and Martin, Ber., 1917, SO, 580 ; Zed. angev. Clem., 1917, 80, i, 33. 

• Bohort, loe. at 
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mass which reacts with water, producing nickel hydroxide and 
ammonia, ( 

Ni(NHj) s -f 2H,0 = Ni(OH), + 2NH S . 

Heated at 120° in vacuo, it yields the nitride, Ni 5 N 8 . 

NUrcimckd, Ni 2 (N0 2 ), is formed as a black mass mixed with 
oxide when nitrogen peroxide is passed over reduced nickel, 
and resembles the corresponding cobalt compounds. 1 

Nickel Nitrile, Ni(N0 8 ),, is obtained in solution by the de¬ 
composition of the sulphate with barium nitrite. It is a very 
unstable compound, bnt forms with potassium nitrite the easily 
soluble double salt, 4KN0,,Ni(N0 2 )j. This is obtained •»- 
brownish-rad octahedra by mixing a concentrated solution of the 
nitrite with an excess of potassium nitrite. When potassium 
nitrite is added to a nickel solution containing a calcium salt, 
a yellow; crystalline precipitate of 2KNO„Ca(NO l ) lI Ni(N0 2 )2 
is formod, which possesses great similarity to potassium 
cobaltinitrite (p. 1343), and if a solution contain a sufficient 
quantity of calcium together with nickel and cobalt, the whole 
of the nickel, as well as the cobalt, may be thrown down by 
potassium nitrite. This fact must be remembered in the separa¬ 
tion of the two metals. The corresponding barium and strontium 
compounds have been prepared, and also a number of other 
double and triple nitrites* 

Nickel NilixUe, Ni(N0,)„6H,0, crystallises in green, mono¬ 
clinic tablets which dissolve in two parts of cold water and 
in alcohol, and effloresce on exposure to dry air, deliquescing 
however, in moist air. Hydrates with 3H t O and 9H 4 0 have 
also b^n obtained. 8 Anhydrous nickel nitrate is a pale 
groeiUBh-yellow powder, which begins to evolve nitrous fumes at 
105-110°. ‘ The tetrammoniatc, Ni(NO s ) t ,4NH s ,H s O, is obtained 
by adding alcohol to a solution of nickel nitrate and ammonia, 6 
and the hcxammoniate I( Ni(N0 3 )j,6NH ai by the action of ammonia 
on the anhydrous salt. 4 Nickel nitrate forms a number of 
double nitrates with other nitrates and also a double salt, 
Ni(N0 3 ) 4 ,Hg(CN),,6H a 0, with mercuric cyanide. 7 

1 Sabatier and SendetcnB, IhJL Soc. thim., 1993, [31 9, 669. 

> Cuttles, (7i ux„ 1992,02, y], 210. 

* Funk, Zf.it. anoeg. Chen., 1899,20, 409. 7 

4 Chintz and Martin, Bull. Soc. ctum., 1909, 0.1004. 

1 Erdmann, J. pr. CS«n., 1840,19,446; «ee Wyokoff, J. Amcr. Chen I. Soc., 
1922,41,1280. 

* Ephraim, Ber.. 1918,49,3103. 

* Soagliarini and Bonini, Gazr., 1920, 60, ii» 114. 




1380 


t mesa 




ffieW PketpMdes. —Wien nickel and phosphorus are heated 
in the electric furnace,, the compound Ni*P is obtained in 
transparent, grey needles of sp. gr, 6'V insoluble in ad acids 
except a mixture of nitric and hydrofluoric- acids. A phosphide 
of the same composition is prepared in the yet nay aa a black 
precipitate by adding nickel chloride to a boiling solution of 
potash containing some phosphorus and tartario add. Com- 
pounds of the formula PjNij, PjNi s , P,N! t , PNi,, P 2 Ni, P s Ni 
have also been dacribed.’ 

Nickel Arsenides .—'These two element* fuse together readily 
to form brittle alloys, some of which occur as minerals. Of 
these the most important is kupfei-nickel, niccolite, pr nickeline, 
NiAs, which is found massive, and also, although less frequently, 
crystallised in hexagonal pyramids. It has a light copper-red 
colour, and is an important ore of nickel, being found in various 
localities in Europe and America. Chloantbite, (Ni,Co,Fe)As„ 
is another nickel arsenide occurring together with the preceding. 
The study of the freering-point curve for mixtures of nickel 
nnd arsenic indicates the existence of the compounds NiAs, 
NijAs,, and Ni,As,. 3 The diarsenide, NiAs,, has also been 
obtained. 4 

The Phosphates of Nickel are insolublo in water, and more or 
less soluble in the mineral adds. The arsenates possess similar 
properties, and some of them occur in the mineral kingdom. 

Nickd Boride, NiB, is prepared in the electric furnace 
from its constituents, and forms brilliant prisms of specific 
gravity 7-39. It is decomposed by fused alkalis and by water 
vapour at a dull red heat. 6 The compounds Ni,B and NiB a 
have also been described. 6 The freexing-point curve of nickel- 
horou mixtures indicates the formation of tho compounds Ni a B, 
NijBj, NiB, and Ni,B,.’ 

1 Maronneao, Ctmpl. mi., 1900, U0,859. 

* 80 s Granger, Hi., 1898, 122, 1484; 188t, 128, ITS; KoMtantinoff, 
J. Bus. i%e. Chtm. 8oc„ 1908, 40, 742; Jolibob, Ctmpl. mi., 1910,150, 
108. 

* Friedrich and Sennlgeos, Jfdatfwji'e, 1907, A 200. Compare Vigouroux, 
CmpL mi., 1908,147,429, 

* Bentall, CnUr. if.'*., 1918,49. 

* Moxsa, Cmpt. mi., 1896,122.424. • 

* Bines do Jaocoiwix, llii., 1907, 145, 240; Eighth Jnltr. Crng. App. 
Chm, 1912,2,198. 

' Glebelhaa»«i, UiL mory. Chm., 1815, H, 251. 
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Nickel and the Elements op tJte Carbon Gboup. 

* • 

fioa Nickel Carbide, Ni 3 C.—Carbon dissolves in molten nickel, 
and the solubility increases with temperature to a minimum at 
2100°, which corresponds to the compound NijC. At lower 
temperatures this dissociates and the decomposition is very rapid 
at 1600°. Consequently even quenched specimens of the metal 
contain bnt little of the carbon in combination and the compound 
has not been isolated. 1 

Nickel Tetracarbonyl, Ni(CO) 4 .—When carbon monoxide is 
passed over # metallic nickel at about 350-400°, carbon dioxido'is 
formed and carbon liberated, but at a lower temperature the 
metal unites with carbon monoxide to form nickel tetracarbonyl. 
This substance is best prepared by reducing nickel oxide in 
hydrogen at about 400° in a combustion tube, allowing it to cool 
to 30-80°, and then passing carbon monoxide over the reduced 
metal. When the issuing gas is cooled with salt and ice it 
deposits the nickel carbonyl, the excess of the gas being repeatedly 
passed over the nickel until no more of the compound is formed. 
The metal is then again heated in hydrogen at 400°, cooled, and 
treated with carbon monoxide, the whole process being repeated 
as often as desired; about 10-15 grams are obtained at each 
operation* If carbon monoxide under high pressure is employed, 
the nickel may be heated much more strongly.* Thus under 
100 atmospheres the nickel carbonyl produced is not decomposed 
even at 250°. 

Nickel tetracarbonyl is a colourless liquid having a specific 
gravity" of 1-3185 at 17°; it boils at 43-2° under 760 mm. 
pressure, and solidifies at —25°, forming needle-shaped crystals. 
It has the normal vapour density of 0-01 at 60°, but explodes 
at 60°, some carbon dioxide being formed and carbon liberated. 
When diluted with a 0 inert gas the vapour does not ex¬ 
plode, and undergoes decomposition less readily; 4 with carbon 
monoxide as diluent it has nearly the normal vapour density at 
100°, and dissociation is not complete at 182°. When gas con- 

» Ruff and Martin. MetaBygic, 1»1 2, 8, 143,- Rt>9, Bor., 1912, 4E, 3189; 
Raff and Genten, Ber., 1918, *8, 400; Ruff andHoncson, Zu'l. motg. Ckm., . 
1914, 88, 388; Briner and Seagirt, J. Chim. Pkgt., 1915,18, 361. 

1 Mend, Laager, and Quincke, Jovn. Ctint. Soc., 1890, 57, 749. See al*o 
TauUlj, If nan ami Root, Bull. Soc. eAtf*., 1921, [4], 88, 862. 

* Dewar, Jour*. Chtm. 8oc„ 1904,86, U, 488. 

* Dewar and Jonee, Free. Bog. Soo., 1903,71,427. 
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taining the vapour is passed through a heated tube, pure metallic 
nickel is deposited with liberation of carbon monoxide, 

It ie soluble in alcohol, benzene, chloroform, and carbon tetra¬ 
chloride. When the solution in benzene is boiled, the carbonyl 
is decomposed, carbon monoxide being evolved and nickel left 
as £ violet-grey, colloidal solution. 1 Nickel carbonyl is not acted 
on by dilate aqueous acids or alkalis. It is not decomposed by 
water free from air, but dissolves to the extent of IB mgm. per 
100 grams of water at 9-8°; dissociation into nickel and carbon 
monoxide takes place slowly when the solution is preserved. In 
the presence of air it undergoes oxidation, nickel hydroxide 
"Being formed together with a white compound of unknown 
constitution containing carbon, 8 which may po&sibly be a basic 
carbonate. 8 It is rapidly decomposed by the halogens, yielding 
carbon monoxide and the nickel halide; concentrated sulphuric 
acid converts it into nickel sulphate with evolution of 
hydrogen and carbon monoxide, and it is rapidly oxidised by 
dry concentrated nitric acid. Dry hydrogen chloride and bromide 
attack it only very slowly, bnt dry hydrogen iodide yields nickel 
iodide, hydrogen, and carbon monoxide. With sulphur dissolved 
itt carbon disulphide a sulphide having approximately the com¬ 
position Ni,8j is formed, whilst sulphuretted hydrogen yields 
nickel monoaulphide. 1 When nickel carbonyl and tbiocarbonyl 
chloride are allowed to react, carbon monoeulphidc, or a poly- 
meride of this substance, is produced. 5 As already mentioned 
(p. 1358), the formation and subsequent decomposition of nickel 
carbonyl are made use of on the large scale in the Mond process 
for extracting nickel from its ores. 

The vapour of nickel tetracarbonyl has a very poisonous 
action. When inhaled in small quantities it produces toxic 
symptoms of a very definite type. The lethal dose for men is 
unknown, but for animals (rabbits, dogs, cats, etc.) it varies 
between 0-018 and 0-04 volume per cent, of the vapour in air, 
inhaled for 65 to 90 minutes. The substance is decomposed in 
the lungs into carbon monoxide and a nickel compound, which 
is poatibly the hydrated basic carbonate. The carbon monoxide 
available is not sufficient to produce any symptoms, and the 
toxic effect is entirely due to the nickel content.* 

> Oetwald, KoBoii ZeiL, 1914, U, 204. 

• Berthe !ot, Corny*, mi., 1891,1U, 1343; U», 679. 

‘ Annit, Jour*, i/jyiaw, 1907,7, 526. 

* Dewir end Jonee, Jour*. Clem. Sue., 1904,85, 203. 

1 Ibid., Pm. Po*. See., [A], 1910,88,408. 

~~ • Annit, /own. Bfpc «, 1007,7, 528; 1908,8,668. 
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Nickel Carbonate, NiCO a , is obtained in the form of pale 
green, microscopic rhombohedra, by Rearing nickel chloride 
solution with calcium • -carbonate to 160°. When a nickel , 
nitrate solution is mixed with a solution of sodium bicarbonate’ 
saturated with carbon dioxide, and this is allowed to stand at a 
low winter temperature, microscopic, monoclinic crystals of 
NiC0 3 ,6Hj0 are formed which lose their water readily on 
warming. A tribydrate, NiCO a ,3H t O, can also be obtained!. 1 
When a nickel solution is precipitated with an alkali carbonate, 
basic salts of varying composition are thrown down in the form 
of pale green precipitates. iro . 

Nickel Mgnocyanide, NiCN.— When a solution of potassium 
nickelocyanide, KjNi(CN) 4 , is reduced with potassium amalgam 
in an atmosphere of hydrogen a red solution is obtained con¬ 
taining th,e salt KjNi(CN) s , in which the nickel is monovalent, 
2KCN,NiCN. On acidifying the solution, an orange-yellow pre¬ 
cipitate is obtained of nickel monocyanide, NiCN, which rapidly 
oxidises to ordinary nickel cyanide, Ni(CN), * 

The red potassium nickelocyanide, K,Ni(CN) a , ia readily 
oxidised to the yellow nickelocyanide, KjNi(CN) 4 . This occurs 
even in absence of air, hydrogen being liberated and metallic 
nickel deposited: 

4KjNi(CN) s + 2H,0 = 3K,Ni(CN} 4 + Ni + 2KOH + H„ 

but in presence of air or of an oxidising agent, such as hydrogen 
peroxide, nickel hydroxide is precipitated. 3 

4K # Ni(CN) a + 2H a 0, = 3K a Ni(CN) 4 + Ni(OH), + 2KOH. 

• 

With ammonium chloride in the hot, oxidation is very rapid 
owing to neutralisation of the potassium hydroxide by the acid 
formed by hydrolysis of the ammonium chloride, and the yellow 
nickelocyanide formed further attacked with precipitation of 
nickel cyanide (Bellucci). 

• KjNi{CN) t + 2NH 4 C1 = Ni{CN), + 2KC1 -f 2NH.CN, 

Nickd Cyanide, Ni(CN) 2 , is an apple-green precipitate easily 
soluble in an excess of potassium cyanide with formation of the 
crystalline double salt, Ni(CN) iJ 2KCN, or KjNi(CN) 4 .* This is 

' Nanty, Ann. Ckim. i%,„ 191*. [81 07, 8; 1013, [81 88. 77. 

* Bellneoi and Corelli, Alii ft. Actad. Lined, 1913, [81 88, 486. 

■ BeUnool, ffatt. 1919, t». ii. 70. 

‘ See Rorei, ibid., 1018, 48.«, 6. 
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again decomposed by dilute acids with separation of moke! 
cyanide. It is also decomposed by alkaline hypochlorites, a 
, hydrated higher oxide of nickel bang precipitated. The corre¬ 
sponding cobalt salt under similar treatment ie oxidised to the 
cobaltioyanide which is not further attacked.. Advantage is taken 
of, this difference in behaviour fox the separation of cobalt and 
nickel in qualitative analysis. No stable salts corresponding to 
the feno- and feni-cyanides are formed. 

Nichel Silicide , NijSi, is obtained by heating an excess of 
nickel with silicon in the electric furnace until the greater 
__part of the metal has been volatilised, and then treating the 
residue with dilute nitric add. It is a steel-grey, crystalline 
powder with a metallic appearance, and has the specific gravity 
7'2, It is readily attacked by fluorine, and dissolves in hydro¬ 
fluoric acid and in aqua regia. 1 The method of thermal analysis, 
controlled by microscopic observations, indicates tho exist¬ 
ence of the following compounds of nickel and silicon; 
Ni a Si, NijSi, NijSi 2 , NiSi, and Ni 8 Si s * 

The Nickel Silicalee occur in nature. Rewdanskite occurs at 
Rewdansk in the Urals, and is worked for nickel. It is an 
earthy mineral which consists chiefly of (Ni,Fe,Mg) 3 8i,0 T ,2H,0 J 
and contains about 18 per cent, of nickel. Garnierite, 
2(Ni,Mg),Si 4 O u ,3H l O, occurs in New Caledonia, and is now 
largely worked up for nickel in France. It contains 2i per 
cent, of nickel (Livereidge). . 

The ortAosiiicale, Nij8i0 4 , is formed in greenish-yellow crystals 
when the oxide and chloride are heated with amorphous silica* 

Detection and Estimation of Nickel. 

603 Nickel compounds behave in a similar manner to those 
of iron and cobalt when heated with reducing agent* before the 
blowpipe. An infusible magnetic powder is produced, and 
when this is dissolved in a drop or two of dilute nitric acid and 
evaporated to complete dryness, a characteristic green stain 
» obtained which becomes yellow on further heating. Nickel 
compounds, moreover, colour the borax bead a brownish- 
yellow in the oxidising flame, the ijead becoming grey and 
opaque in the reducing flame owing to the separation of 
metallic niokel. 

1 Vigovroox, Cemfl. rad., ISM, 121,888; 1908,142, 1270. 

* Gaeithr and 71111111*1111, 201 ana;. CArtL. 1808,48,93. 

> Bourgeois Coopt, rad., 1888,106,1177. 
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The niokel compounds in general give no flamd spectrum, 
but the acetate when moistened with hydrochloric add gives 
first a transient purple, followed by a more permanent deep-rad , 
colour, the production of the colour taking place in the inner' 
cone of the flame. 1 The chloride yields a characteristic spark 
spectrum, and the spectrum of the metal also contains many 
lines, of which a few of the brightest are 5893 in the orange, 
and 4874, 4360, and 4856 in the green-blue. 

Nickel is very readily detected with the aid of certain organio 
reagents. Tipis when a-dimethylglyoxime, [(CH a )C:N'OH)j, 
is added to a solution of a nickel salt containing excess qf. 
ammonia or 4 of sodium acetate, a scarlet precipitate separates, 
one part of nickel in 400,000 parts of water being capable of 
detection in this manner. 1 Cobalt does not give a predpitate 
with this r,eagent, nor does it interfere with the reaction unless 
present in very large excess. This reaction may also be employed 
for the quantitative estimation of nickel,* and, indeed, permits 
the complete separation of this metal from all other metals 
belonging to the same analytical group. When dicyanodiamide, 
C,N 4 H 4 , and then caustic potash are added to a solution of a 
nickel salt previously acidified with hydrochloric add, a dense 
yellow precipitate is produced of nickel dicyanodiamidine, 
NifGjHjONjlj^HjO, which becomes flesh-coloured when heated. 
In dilute solutions the predpitate forms only on boiling or 
standing. 4 a-Benzyl dioxirae may also be employed for the 
detection and quantitative estimation of nickel. It gives a red 
precipitate with nickel salts. 5 

Nickel is precipitated in alkaline solution by ammonium 
sulphide along with the other metals of the iron group, from 
all of which except cobalt it can bo separated by treating the 
precipitate with dilute hydrochloric add, in which- the sul¬ 
phides of those two metals are almost insoluble. A character¬ 
istic property of nickeP sulphide is that it dissolves slightly 
in yellow ammonium sulphide to a dark-coloured solution. 

The best method for the qualitative detection of nickel and 
cobalt is based on Liebig’s method for their estimatiofl (see 

1 Hartog, Britufi Auo c. Strait, 1901, 813. 

» ftohugse8, Ber.. 1905, 88. 2520; CompL rad., 1907,145, 079; BruEck, 
ZtU, <mf ms. Chan., 1907, £0, 834.1835. 

* Lac. cil. Sea also Armit sod Hardsb, Proc. Boy. Sac., 1906, [£], 77.420. 

< Groom son and Sohflck, Ber.. 1908, 88, 3356; fflm. Zdt., 1907, 81, 335, 

911. 

• Auok, Analytt, 1913,88, 316. 
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below). Vis this purpose the sulphides Rre dissolved in con¬ 
centrated hydrochloric^ acid with the addition of a crystal of 
„ potassium chlorate, and the solution- is evaporated nearly to 
‘dryness and afterwards diluted with water. Potassium cyanide is 
then added until the precipitated cyanides re-dissolve, a drop of 
acetic acid is added and the liquid boiled for a few minutes. The 
solution then contains potassium cobalticyanido and potassinm 
nickel cyanide. The latter is at once decomposed by sodium 
hypochlorite in alkaline solution, whereas the former is not 
attacked by this reagent. The solution is therefore made alkalino 
^th caustic soda and boiled with sodium hypochlorite, when 
the nickel is precipitated as the black trihydroxidf. which may 
be filtered off, washed, and tested by the borax bead, whilst the 
cobalt can be detectod in the filtrate by evaporating and testing 
the residue by one of the dry reactions. 

Cobalt is much more readily precipitated in the form of 
sesquioxide than niokel, a fact which is made use of in the 
commercial separation of the two. This reaction can also bo 
used for the qualitative and quantitative separation of nickel 
and cobalt. When bromine water is added to a cold neutral 
solution of the two metals, the oobalt is rapidly precipitated as 
the sesquioxide, whilst the nickel remains in solution. 1 

Numerous methods, both gravimetric and volumetric, have 
been proposed for the quantitative separation and estimation of 
nickel and cobalt. In addition to the dimethylglyoximc and 
dicyanodiamide processes, already referred to, the three follow¬ 
ing gravimetric methods may be described.* 

Liebig’s hydrocyanic add method* may be applied to the 
quantitative separation of the metals substantially in the form' 
which has been described above. The solution containing 
potassium cobalticyanide and potassium nickel cyanide may be 
treated with caustic , soda and sodium hypochlorite as there 
described, or may be boiled with precipitated mercuric oxide, 
the whole of the nickel being precipitated as a mixture of 
oxides, which after ignition may be weighed as nickel raon- 
oxidf. The filtrate is addified with nitric acid, and mercurous 
nitrate added in excess. Mercurous cobalticyanide is precipitated 
and is converted by ignition into tri&baft tetroxide. Both in 
this and the succeeding methods one of the metals is frequently 

' Taylor, Men. Meath. Phil. Sex., 1802,48. No. II. 

• Comjuw Ztit. anal. Chen., 1881, SO, 227. 

* AwUn, 1853, *7, 128. 
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estimated indirectly. The two are precipitated together by 
caustic soda from a known volume of solution, and the mixed 
oxides weighed, the amount of one of‘the metals being thgn 
found by difference. ’ ‘ 

'Another separation of nickel from cobalt depends upon the 
precipitation of potassium cobaltinitrite (see p. 1343). This is 
dried at 100° and weighed, and the nickel in the filtrate is pre¬ 
cipitated by* caustic potash, the precipitate boiled, well washed, 
and converted by ignition into the monoxide. 

A very accurate method depends on the fact that nitroeo-/?- 
naphthol, C* 0 H 6 (OH)NO, yields an insoluble compound with 
cobalt salts, but not with those of nickel. 1 The solution is thei^’ 
fore acidified with hydrochloric acid, and a solution of this 
reagent in acetic acid added. A very voluminous precipitate is 
formed, which is well washed and then ignited with a little 
oxalic acid, the cobalt being finally heated in hydrogen and 
woighed. 

Nickel may also bo estimated by electrolysis of its strongly 
ammoniacal solution. It may also be estimated by precipitating 
as oxide (with alkaline hypobromite solution), igniting to the 
monoxide and weighing as such. Estimation as sulphide may 
also be made. 

The Atomic Weight of nickel haa been frequently determined. 
Of the older determinations, the most important are those of 
Russell,* Schneider* Dumas, 4 Zimmetmanu, 5 and Winkler." 
More recent and accurate determinations were made by Richards 
and Cushman, 7 who deduced the value 58-69 from the amount 
of silver required to precipitate the bromine in pure nickel 
bromide,’and the value 58-71 from the weight of nickel produced 
by the reduction of the same compound in hydrogen. (Echsner 
de Coninck and Gilrard * by reducing the pure oxalate in hydrogen 
obtained from the ratio nickel oxalate : hydrogen a value 58-57 
as a mean of five determinations. Baxter and Parsons 9 have 


1 llinilu and Knorre, Btr., 1886, 18, 699; Chapin, /. Amer. Chcm. Soc., 
1907, 29, 1029. 

■ Jotm. Ckcm. Soc., 1863,10, 68; iW„ 1869, K, 294. 

" Pogg. Ann., 1867,101. 387. 

• 4»». (Him. Phyi., 1859, [3*. 56. 129. Annakn, 1885, 888, 324. 

• hit. mat. Ckem., 1B07, 0 , 22; Ztit. motg. Chim., 1893 , 4 , 10, 462; 1895, 
8,1,291. 

’ ZtU. anorg. CAtw.,1898,10. 167; 1899, 80. 352. 

1 Gmpl. rend., 1914,1A8,1845. 

• J. Amer.Chem. See.. 1921, 48, 807. 
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determined, the atomic weight of terrestrial and meteorio nickel 
by reduction of the oxide in hydrogen. Ab a mean of nine 
determinations they find for terrestrial nickel the value 68-70, and 
'as a mean of three determinations for meteorio nickel the value 
68 - 68 . The value now adopted (1922) is 58-68. 


SDB-GROUP (6). THE RUTHENIUM GROUP. 

Ruthenium. Rhodium. Palladium. 

604 The three metals of this group all have a Bilvery lustre, 
combine with oxygen at high temperatures rather more readily 
than the members of the platinum group, and melt at a lower 
temperature. The salts of ruthenium and rhodium correspond 
to the seaquioxide, 11 , 0 ,, whilst palladium forms two series of salts 
corresponding to the monoxide and dioxide, the former being the 
more stable. Ruthenium also yields salts of the acidic oxides 
RuO, and Ru,0 7 , and, unlike the other two, forms a tetroxide, 
RuO t . 

All three metals give rise to series of ammoniacal bases, the 
properties and composition of which differ, however, in each 
case. The ruthenium bases all contain the nitroso-group, NO, 
in addition to ammonia; those of rhodium closely resemblo the 
cobalt derivatives, and those of palladium correspond to two of 
the series yielded by platinum. 

RUTHENIUM. Rn- 1017 . At.N 0 . 44 . 

605 In 1828 Osann 1 stated that he had discovered three 
new metals in the platinum ores from tho Ural. To one of 
these he gave the name of ruthenium, from the name of Russia, 
the country in which it was found. Jq the following year, how¬ 
ever, he withdrew tho statement of the existence of one of the 
metals, and the existence of the other two remained doubtful 
until Claus, in 1845, examined the question. This chemist 
proved the existence of a new metal in the platinum ore, and 
retained for it the name of rutheni;un because it was found 
to be contained in small quantity in the substance termed 
ruthenium oxide by Osann, which for the most part consisted 
of silica, rirconia, and the oxides of titanium and iron. Clans 

1 Pen- Am.. 1828, 14, 328; 1845,84,197. 
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determined, the atomic weight of terrestrial and meteoric nickel 
by reduction of the oxide in hydrogen. As a mean of nine 
determinations they find for terrestrial nickel the value 68-70, and 
'as a mean of three determinations for meteoric nickel the value 
68 - 68 . The value now adopted (1932) is 58-68. 


SUB-GROUP (6). THE RUTHENIUM GROUP. 

Ruthenium. Rhodium. Palladium. 

604 The three metals of this group all have a Bilvery lustre, 
combine with oxygen at high temperatures rather'more readily 
than the members of the platinum group, and melt at a lower 
temperature. The salts of ruthenium and rhodium correspond 
to the seequioxide, M,0 S , whilst palladium forms two series of salts 
corresponding to the monoxide and dioxide, the former being the 
more stable. Ruthenium also yields salts of the acidic oxides 
RuO, and Ru s O„ and, unlike the other two, forms a tetroxide, 
Ru0 4 . 

All three metals give rise to series of ammoniacal bases, the 
properties and composition of which differ, however, in eaoh 
case. The ruthenium bases all contain the nitroso-group, NO, 
in addition to ammonia; those of rhodium closely resemble the 
cobalt derivatives, and 'thoBe of palladium correspond to two of 
the series yielded by platinum. 

RUTHENIUM. Ru- 1017 . At.N 0 . 44 . 

605 In 1828 Osann 1 stated that he had discovered three 
new metals in the platinum ores from the Ural. To one of 
these he gave the name of ruthenium, from the name of Russia, 
the country in which it was found. Jq the following year, how¬ 
ever, he withdrew the statement of the existence of one of the 
metals, and the existence of the other two remained doubtful 
until Claus, in 1845, examined tbe question. This chemist 
proved the existence of a new metal in the platinum ore, and 
retained for it the name of ruthenium because it was found 
to be contained in small quantity in the substance termed 
ruthenium oxide by Osann, which for the most part consisted 
of silica, arconia, and the oxides of titanium and iron. Claus 

> Faff. Am., 1828, 14,329; 1845, M. 197. 
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investigated the reactions of-the metal and a large, number of 
its derivatives. 1 

Rutheninm is found Ixjth in platinum'ore and \a oamiridiupi, 
whilst it occurs as sulphide in laurite, RujSj* • ’ 

Of the various methods of preparing the metal, that of Deville 
and Debray 9 is the’most interesting, as these chemists obtained 
it on a large scale, and specially studied its physical properties. 
For this purpose, the alloy of osmiridium (p. 1438) containing 
ruthenium is fused with zinc, the regulus then treated with 
hydrochloric acid, and one part of the finely-divided reaiduo 
mixed with three parts of barium peroxide and one part of 
barium nitrate, the mixture being heated for two hours to IT 
temperature*sonmwhat below the melting point of silver. Tho 
cold mass is then reduced to an impalpable powder and thrown 
into dilute hydrochloric acid contained in a stoppered bottle. 
In this operation the liquid must be kopt well cooled in order 
to prevent the escape of the poisonous vapours of osmium 
tetroxide, and the operation must be carried on in a good draught. 
As soon as the action is over, one part of nitric acid and two 
parts of sulphuric acid are added to the liquid, the mixture is well 
shaken, the barium sulphate allowed to deposit, and the clear 
liquid poured off. The residue is washed by decantation, and 
the liquid distilled until three-fourths of it has passed over. 
The distillate is worked up for osmium, whilst the concentrated 
residue, mixed with from two to three parts of ammonium 
chloride and a small quantity of nitric acid, is dried on the water- 
bath. The residue is then washed with water which is half 
saturated with ammonium chloride, until the filtrate is colour¬ 
less. By this treatment ammonium iridichloride, containing 
some ruthenium, remains behind. This is ignited, and the 
remaining spongy metallic mass fused for two hours in a silver 
basin with two parts of nitre and one part of caustic potash. 
The fused mass is then dissolved in water, and the characteristic 
orange-red solution of potassium ruthenate treated with nitric 
add until the yellow colour has disappeared. Ruthenium oxide 
separates out, but still contains silica, with some iridium and 
osmium. ■ It is then ignited in a graphite crucible and fused in 
the oxy-hydrogen furnace* 


1 Annahn, 1845. 68 , 257; 1846, 80, 254; %. <!»»., 1845, 84, 622 ; 88. 
200; Jahrub., 1859, 267; 1860,205; 1861,280; 1863,397. 

• Wohkr, liwH 1664,128,116. 

• Deville and Debar, Corny*, rtni., 1876.83, 926; 1879, 86,587. 
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Another /plan for preparing - chemically pure ruthenium 
depends upon the fact that whilst osmium tetroxide is vola¬ 
tilised in a sjieam of air, the corresponding volatile tetroxide 
•of ruthenium is only formed by the action of chlorine in alkalinp 
ruthenium solution. Hence the metal, as obtained by other 
processes, must be heated in a current of oxygen until the whole 
ol the osmium tetroxide has been volatilised and then fused a 
second time with potash and saltpetre, the mass' dissolved in 
water, saturated with chlorine, and distilled in a stream of chlorine 
on the water-bath, when pure ruthenium tetroxide volatilises. 
This is then dissolved in caustic potash or in water, reduced by 
’Jlcohol, and the black precipitate converted into metal by 
ignition in a stream of pure hydrogen . 1 * 

In order to obtain the metal in the crystalline state it may 
be fused in a carbon crucible with from five to six times its 
weight of tin, the alloy being treated with boiling hydrochloric 
acid, which leaves the compound RuSn a undiasolved; this when 
ignited in a carbon boat in a current of hydrogen chloride leaves 
a residue of crystallised ruthenium. 

Fused ruthenium bos a specific gravity of 12-063 at 0°; like 
iridium, it is hard and brittle, and next to osmium is the most 
infusible metal of the group. It can, however, bo fused in the 
oxy-hydrogen flame 3 and distilled in the electric furnace.' 
With the exception of osmium, it is also the one which com¬ 
bines most readily with oxygen, the fused metal becoming 
covered with a brown film in the air; on cooling it “ spits ” 
like silver and iridium. When heated in a current of oxygen 
it yields the dioxide, and at temperatures of about 1000° some 
tetroxide also is formed, although this substance decomposes 
when heated by itself at 107°.* The pure metal is scarcely 
attacked even by aqua regia, but it combines with chlorine at 
a red heat. Ruthenium tjtonge is made by heating ammonium 
ruthenichloride. . 

Colloidal Ruthenium may be prepared by reducing its salts 
with hydrazine, or other reducing agents, in the presence of a 
protective colloid such as gum acacia . 6 

1 See Gutbier and Trentoier, Ztit. anory. Chcm., 1808,45, 168, 

* Mjtiui and Die)*, fier., 1903, SI. i?87. 

* Mdmd, Cmpt rent., 1906,143.189. 

* lie bray and Jolj, Ibid., 1888,108,100. 

* Gutbier and Hotmeier, J. ft. Cbm., 1905, [I], 71,462. 




RUTHENIUM COMPOUNDS. 

• Ruthenium and Oxygen. 

606 Ruthenium forms the oxides Ru,0 $ RuO„ and Ru0 4 ,'' 
and, in addition, salts corresponding to the acidic oxides Ru0 3 
and RiijO, have been prepared. Oxides of the formula RuO, 
Ruj 0 6> and Ru 4 0, have also been described, but, according to 
Gutbier and Ransohoff , 1 tliese do not exist. 

Ruthenium* Sesquioxule, Ru,0 3 .—When finely divided 
ruthenium is heated in the air it combines with ‘21 per cent, df 
its weight ofox^en, forming a blue powder which is insoluble 
in acids. This was regarded by Claus as the sesquioxide, but 
is more probably n mixture of tins dioxide and metal (Clutbier 
and Ransohoff). The sesquioxide can be obtained, containing 
a trace of alkali, by heating the trihydroxidc in dry carbon 
dioxide, and forms a black, scaly mass. 

Ruthenium Trihydroride, Ru(OH)„ is obtained by precipitating 
the corresponding chloride with an alkali. It forms a blackish- 
brown precipitate, which even after washing with very dilute 
hydrochloric acid retains a trace of alkali. It dissolves with u 
yellow colour in acids, but is insoluble in water and alkalis. 

The chief ruthenium salts are derived from the sesquioxide, 
and of these only a few of the halogen compounds are well known. 
The chloride and its double salts dissolve in water, forming 
reddish-yellow solutions, which deposit on standing, slowly 
in the cold but quickly when warmed, a black, very finely 
divided precipitate of oxychloride. This reaction is so delicate 
that one part of the metal imparts a distinct ink-like colour to 
100 ,(XXI parts of water. 

Ruthenium Dioxide , KuO,.—This oxide iB obtained by roasting 
the disulphide or sulphate in contact with air. It is likewise 
formed if the metal is fused in an oxidising atmosphere, 
when it burns with a sparkling smoky flame, and evolves an 
ozone-like smell. Hence this compound can be easily obtained 
from the ruthenium contained in the osnriridium alloy, which 
may for this purpose be bested in a porcelain tube to the melt¬ 
ing point of copper, in a current of pure air, from which all 
organic substance has previously been carefully separated. The 
ruthenium dioxide is carried forward by the osmium tetroxide 

1 Ztit, aiKTg. Chem., 1906. 45) 243, where the literature ii quoted. 

VOL. n, (II.) ,°-Q. 
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formed at tie same time, and deposited in the cold part of the 
tube, whilst the more yolatile osmium compound is carried on 
still further by the current of air. The formation of dioxide 
when the finely divided metal is heated in oxygen begins at 600° 
and the rate of formation increases very rapidly with rise of 
temperature. 1 Ruthenium dioxide crystallises in small, very 
hard, tetragonal pyramids, possessing a green, metallic lustre 
and a bluish or greenish iridescence. These have a specific 
gravity of 7-2, ana aTe isomorphous with caasiterite and rutile 
(Rammelsberg). 

Ruthenium Tetrahydroxide, RufOH^SHjO, is obtained, 
according to Claus, by evaporating ruthenium diaulphate with 
caustic potash, when a dark red precipitate falls down. The 
product always contains alkali, and has not been obtained pure. 
It dries to a reddish-brown mass, giving off water at 300°. When 
more strongly heated it deflagrates with vivid incandescence 
and evolution of a black, soot-like smoke. It is soluble in acids 
and alkalis, yielding yellow solutions. 

The oxides RuO, and Ru,0, and the corresponding acids have 
not been prepared, but salts derived from them are known. 

Potassium Ruthenate, R l 'RuO 1 ,H | 0, is obtained by igniting 
a mixture of ruthenium, caustic potash, and potassium nitrate 
or carbonate, or by the action of 50 grams of the tctroxide on a 
solution of 70 grains of caustic potash in 000 c.c. of water at 60°; 
it crystallises from water in rhombic crystals having the above 
composition, which have a green, metallic reflex, and are red in 
transmitted light. They take up moisture and carbon dioxide 
from the air and lose all their water at 200°. 

Pottueium per-ruthenale, KRu0 4 ,H,0, is prepared by the aotion 
of chlorine on a solution of the foregoing salt, or by dissolving. 
60 grams of caustic potash in 250 c.c. of water, warming to 60°, 
and adding 50 grams of ruthenium tetroxide previously fused 
under water. If forms black, lustrous, tetragonal octahedra, 
When heated in a vacuum at 400° it decomposes with forma¬ 
tion of oxygen, ruthenium dioxide, and the rutbenate, or possibly 
a salPof potassium with a lower oxide.* 

Ruthenium Tetroxide. RuO t .—This compound, as already 
stated, is formed in small quantity wlftn the metal is heated at 
1000° in a Current of oxygen, although when heated alone it 
decomposes at 106—107'. It is prepared by passing chlorine 

1 Gotbier and otters, Uit onoty. Clem., 1918,96,182. 

« Debra; and Joly, Cmfl. read., 1888,1M> 1484'; 1891. US. 694. 
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into a solution of potassium nitrosochlororuthenate, or of potass¬ 
ium rathenate or sodium rathenate prepared by fusing the 
metal with sodium peroxide; the liquid becomes heated add, . 
the tetroxide distils over and is deposited in the receiver. Jt 
is best purified by distillation through anhydrous calcium 
chloride in a vacuum, the apparatus being carefully freed from 
organic matter. It melts at 25*5°, the liquid readily remaining 
superfused, and solidifying to a vitreous mass. When heated 
it does not boil, but decomposes at 106—107° with a smoky 
flame but n<* explosion, the crystalline dioxide being formed. 

It may, however, be volatilised under reduced pressure, its 
vapour pressure 42° and 100'8° being 20 mm, and 183 mm. 
The vapour has a yellow colour and an irritating odour 
resembling that of ozone or nitrous fumes. According to 
Gutbier and Ransohoff, it does not attack the mucous mem¬ 
brane, but cannot long be endured and may produce severe 
symptoms of poisoning; it blackens organic matter rapidly, 
and is immediately reduced by alcoholic potash with separation 
of finely divided metallic ruthenium. 1 Serious explosions may 
occur if the solid tetroxide is treated with alcohol, even in dilute 
solution. 2 

The moist oxide quickly decomposes; in the dry state it is 
fairly stable, but it decomposes in sunlight with formation of 
lower oxides. It dissolves slowly in water, and the solution 
when it contains free chlorine or hypochlorous acid may be 
kept unchanged for some days in the dark, but when pure slowly 
deposits a black precipitate. The aqueous solution has a weak 
acid reaction. • Salts are formed with alkali hydroxides but only 
the ammonium salt, (NH t ), RuO # , has been isolated. 1 


Ruthenium and the Halogens, Sulphur, and Nitrogen. 

607 Only the trihalogeu derivatives of ruthenium have been 
prepared in the pure state, but it is probable that dihalogen 
compounds are also formed, and numerous complex substances 
derived from the tetrahalogen series are known. When chlorine 
is passed over the metal, combination occurs slowly, but the 
resdlting mass appears to be a mixture. 

1 Debny and Joly, Comp, rend., 1888, 106, 348; July, Aid., 1B9I, US, 
893. 

* Guttler and attera, Zeil. anorff. Ckem* 1918, 96 , 177. 

> Krauaa, ibid., 1921, US. 217. 
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Ruthenium Dichloride, BuCl„ has not been isolated, but is 
probably present in the blue liquid obtained by the action of 
.Bulphuretted hydrogen on a solution of the trichloride. 

Ruthenium Trichloride, RuClj, is said to be formed when the 
finely divided metal is heated in a mixture of chlorine and 
carbonic oxide at 360—140° (July). It is best prepared by 
evaporating the tetroxide with hydrochloric acid, chlorine being 
evolved. It then forms a luatroua mass which dissolves readily 
in water, forming orange-yellow coloured solutions. The 
aqueous solution decomposes when gently warmed, an intensely 
klack precipitate being produced (p. 1391).' The trichloride 
unites with ammonia to form a compound, 2RuCl s 7NH a , which 
forms a deep red solution in water (Joly). 

Double salts of the trichloride with alkali chlorides, R 2 RuC 1 4 , 
known as rnthenwchloridee or chlorornthaiileit, can easily be 
obtained. 8 The potassium, rubidium and cmium compounds 
are the moat characteristic. They form dark-coloured crystals 
containing IH,0, hut the curium compound may crystallise 
anhydrous. 1 An isomeric series of chlorides also exists termed the 
tuiuochlvrorulhenalex} They are obt ained by boiling the solutions 
of the rutheniochlorides with alcohol. Pottmium aquochloro- 
ruthenale, K,Ru( 0H,)C1 4 , crystallises in rose-red oetahedra. 
Its solution is at once darkened by cldorine. 

Ruthenium Tetrachloride, RiiG1 4 , ia probably formed when the 
tetrahydroxide is dissolved in hydrochloric acid, but has not 
been obtained pure. Its compound with the alkali chlorides 
and hydrochlorides of organic bases. 1 RjRuO 4 , known as nlheni- 
chloridee or chloraruthaiales, can readily be obtained. . 

Potassium Ruthcnichloriile, K 2 RuO (1 is prepared by fusing 
ruthenium with potash and potassium chlorate, dissolving in 
cold water, and adding dilute hydrochloric acid. It forms 
minute reddish-brown crystals and is sparingly soluble in cold 
water. 8 The salt formed by the action of chlorine on potassium 
aquochlororuthenate appears to be isomeric with this (Howe). 

Rujhenium Oxychloride, RuO a Cl 2 , is not known, but double 
alkali salts, such as Ru0 2 Ct t .2CsCl, have been prepared by the 

1 Uutbier and Trenkner, Ztil. anorg. CVa.alMS, 46,166. 

' Sat Mioiati and Ta*iu^, fiat., 1000, SO, ii, fill. 

1 Outbier. Kaloo and Vogt, Zni. mat). Cion., J021.116. 225. 

• Howe, J. Amt r. Clam. Sot. 1901,23. 774; 1904, 28, 543. 

* Gntbier and Zwicker, Btr., 1907, 40, 690: J. fr. Clam., 1915, [2J, 91, 
103; Krania, Ztil. tuorf. Clot., 1921,117, Hi. 

■ Antony and Lurabeii, Boa., 1999,29, ii, 82. 
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action of hydrochloric acid on the tetroxide in prtsence of an 
alkali chloride (Howe). 

Ruthenium forms also a tribromide*and a tri-iodide, and 
yields series of rutheniobroinides and ruthenibromides which • 
closely resemble the chlorine derivatives. 1 

A ruthenium trichloride and tetrachloride and double salts 
of these with alkali chlorides were described by Claus, but 
later investigation 2 * has shown that these all contain nitrogen, 
and are in reality nitroao-derivatives. 

Ruthenium Sulphide, Rujf^.—This compound occurs as the 
mineral laurfte, which is found with platinum ore in Borneo 
and Oregon, and usually contains a small percentage of osmium. 

It crystallises, irf small octahcdra, generally showing also cube 
faces. Sulphuretted hydrogen gives a precipitate with solu¬ 
tions of ruthenium salts, which consists of a varying mixture of 
sulphides and nxysulphides of ruthenium with free sulphur. 

According to Antony and Luccheei * the precipitate produced 
in a solution of potassium ruthcnichloridc, K,RuCI„ at 0° is a 
mixture of the trixulphide, RuS,, and sulphur, whilst, at 80° the 
disulphide, Ru8 t , is formed. These sulphides become incan¬ 
descent or explode when gently heated in air. 

Ruthenium Setquistdphile, Ru^SOj,.—When sulphur dioxide 
is slowly passed into a solution of ruthenic sulphate, Ru(S0 4 )„ 
the colour changes from bright red through green to blue. 
Alcohol added to this blue solution produces a blue precipitate 
of the colloidal sulphite, which may be dried at 8Q°. It dissolves 
in water and is precipitated by salts. 4 

Crystalline double salts with the alkali sulphites have been 
prepared. 5 

Ruthenium Dilhionale, RuSjO,, is obtained by the continued 
action of sulphur dioxide on a solution of ruthenic sulphate 
as a yellow, crystalline, fibrous moss readily soluble in water.* 

Ruthenic Sulphate, Bu(S0 4 )^ is obtained by dissolving the 
precipitated sulphide in nitric acid, or the tetrahydroxide in 
sulphuric acid; the reddish-yellow solution leaves on evapora- 

1 Ciutbicr and Trenkner, Stil. marj. Ckca., 1006, 45. 178; Howe, J. Aner. 
Ohm. Six., 1904, 86, M2. 

1 Joly, Compt. read.. 1888*107. DM; Haw, Aster. Ciets. J., 1894, 16. 
388. 

* (Ian., 1900,80. ii, 839. 

4 Antony and Luccheii. Oaa., 1900,10. ii, 71. 

1 Remy, Zei'f. rrsoiy. Ciem., 1922, 184. 248. 8m also Sailer, iiii., 1921, 
116. 209. ‘ Antony and Luccbeai, Gan., 1898,88, ii, 139. 
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tion a ye’m wish-brown, amorphous mass, which yields a 
deliquescent powder closely resembling mosaic gold. 

Ruthenium and Nitrogen.—When brown ruthenium sesqui- 
oxide is dissolved in nitric acid it forma a red nitrate;. the 
latter on boiling with successive quantities of hydrochloric acid 
and evaporation at 120° yields a red, crystalline mass of 
nthenium *HnmxUoride, RuCljNO.HjO; on recrystallisation 
from hot water this forms dichroic triclinic prisms having the 
composition RuCljNO.OJIjO, which rapidly effloresce in dry air. 
It may also be prepared by the action of aqua regia on the 
tetroxide. 1 This substance combines with alkali chlorides, 
farming double salts, identical with the substances formerly 
supposed to be double salts of ruthenium trichloride and tho 
alkali chlorides. 2 The potassium salt has the composition 
K^EuClg(NO)], and is a violet-brown, iridescent powder con¬ 
sisting of orange-red, microscopic cubes. In aqueous solution, 
it yields the ions 2K' and [Rud s (NO)]", and it is dissociated to 
about the. same extent as potassium platinichloride. 2 Many 
other simitar double salts have also been prepared. 

The complex nitroso-derivatives have been investigated by 
Brisard. 4 


Ammonucal Derivatives of Ruthenium. 

608 Ruthenium forms a number of derivatives, the basic 
radicle of which contains both ruthenium and ammonia. These 
were first examined by Claus, who described a series of salt* 
derived from the hydroxide, RufNHjMOHJj, and also obtained 
a hydroxide to which he assigned the composition Ru(NH s ),(OH),. 
According to Joly, 6 however, the salts containing four molecules 
of ammonia also contain the nitro 60 -group, and have the general 
formula Ru(NK a ) 4 (NO)(OH)X„ where X is a halogen or mono¬ 
valent acid radicle, whilst the hydroxide containing two mole¬ 
cules of ammonia is Ru(NH a )NO(OH)j,H t O. The salts of the 
first-named series are well crystallised substances usually of a 
golden-yellow colour; no crystalline aalta have been prepared 
from tue second hydroxide. This has been confirmed by Werner, 4 

' Howe, J. Amtr. On. Sx., ISM, 16, 388. 

' Joly, CrmpL mi., 18S8.107, 994; 1889, it*, 1300. 

’ Lind, J. Ante. Oem. Sac., 1»3, S5, MS. 

* Compt. n*i„ 1899. lit, SIS; Am. Ckim. Piyi., 1900, pj, U, 311. 

• Cmpt. rant, 1889,108, 1300; 1690, Ul, M0; 1593, US, 1J99; Howe, 
J, Amir. Oem. Sot., 1894,1(, 3S8. 

' Btr., 1907,«. 2614. 
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RUTHENIUM AND CARBON AND 8ILIOON 

who regards these compounds as hydroxynitn^iUtrammiM- 
ruthenium salts, [Ru(OH)(NO)(NH s ) 4 ]X t , derived from tetravalent 
ruthenium, and has prepared series of salts in which the hydroxyl 
group of the complex radicle is replaced by chlorine, brominef, ’ 
or water, of formula [Ru(H,0)(N0)(NH 3 ) 4 ]X,. 


•Ruthenium and Cabbon and Silicon.. 

♦ 

609 Ruthenium Carbonyl, Ru(CO)„ is obtained as a chocolate- 
brown powder by the action of carbon monoxide on finely divided 
ruthenium al 300° under a pressure of 400 atmospheres, and is 
extracted from the residue by solution in alcohol. Unlike ull 
other metallic Carbonyls, it is Aot volatile, is soluble in water 
and is completely insolnbte in benzene. It decomposes on 
heating, metallic ruthenium being formed.’ 

A volatile,. crystalline compound, soluble in benzene, and 
insoluble in water or alcohol is produced at the same time as 
the dicaTbonyl. Its composition has not yet been determined. 

Rulhen iocyanides.— These compounds correspond to the feno- 
cyanides. The potassium salt, K,[RuCy,],3H 8 0, is obtained by 
heating potassium ruthenin-nitrosochloride with potassium 
cyanide, and forms colourless crystals isomorphous with those of 
potassium fcrrocyanide. Its solution is turned a dark violet 
Colour by ferric Balts, and yields a pale green precipitate chang¬ 
ing to violet with ferrous salts, whilst the salts of mercury, lead, 
and zinc yield white precipitates of the corresponding ruthenio- 
cyanidee . 2 The free rvtheniocyanic acid, H ( RuCy ( , prepared 
from the potassium salt by adding hydrochlorio acid and extract¬ 
ing with ether, crystallises in pearly lamin® readily soluble in 
water or alcohol. The solution has an acid reaction and an 
astringent tasto, and on exposure to air turns blue (Claus). 

Ruthenium Silicidc , RuSi, is formed in small, white crystals 
when the elements are heated together in the electric furnace. 
It has the specific gravity 0-40, and is very hard. It is not 
attacked by boiling acids, but is decomposed by the halogens; 
it bums in oxygen, and yields a per-ruthenate when fused with 
potassium hydrogen sulphate and potassium nitrate* 

> Mood, /fey. Britiik Atm., 1915,393; /. Ckim. Soe., 1910,97, 70S; Mond 
and Wsllis, Jmrn. Chm. See., 1921,191,29. 

■ See Howe, J. Amer, Ckem. See., 1896, 18, 961; Howe end Campbell, 
iW., 1698,00,29. 

> Hoieeso wd Msnohot, CowijS. rend., 1903,187,2*9. 
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Detection and Estimation of Rptkenicm. 

j 6io The luthenic salts give a datk red precipitate with 
concentrated solutions of potassium chloride and ammonium 
chloride; on boiling with water the characteristic ruthenium 
oxychloride is formed. Ruthenium solutions arc first coloured 
bine by sulphuretted hydrogen, and afterwards the brown 
sulphide is formed, almost insoluble in ammonium sulphide. 
The production of the volatile tetroxidn is also characteristic. 

Ruthenium, like the other members of this groups is estimated 
quantitatively as the metal. 

Atomic Weight of Ruthenium.— Claus 1 first determined this 
constant, but the later investigations of July 1-l *vith carefully 
purified material have shown that the figures of Claus are too 
liigh. Joly determined the atomic weight ( 1 ) by reducing the 
dioxide in hydrogen; ( 2 ) by the reduction of the nitroso- 
chloride in hydrogen; (3) by the reduction of ammonium nitroso- 
chlororuthenate. the numbers obtained being respectively 101-67, 
101-74, and 101-62, and the atomic weight is therefore at present 
(1022) taken as 101-7. 


RHODIUM. Rh=ioa- 9 . At. No. 45 . 

611 When Wollaston 5 in 1804 first acknowledged that he was 
the discoverer of palladium (p. 1407), he likewise intimated that 
lie had found another new metal in platinum ore, to which he 
gave the name of rhodium, because the solutions of its salt 
possess a rose-red colour {poior, a rose). The metal and its 
compounds were later investigated by Bemelnu and Claus. 
In addition to its occurrence in platinum ore, rhodium had 
been found, according to Del Rio, alloyed with gold as rhodium- 
gold. 1 . . , 

In order to prepare rhodium from the mixed platinum metals, 
the solution is employed from which ammonium platinichloride 
has been precipitated. The metalB still in solution are then 
precipitated by metallic iron, and, according to the process 
of Deville and Debraij, the metallic precipitate is fused with 
one part of lead and two parts of litharge. A regulus ia thus 
obtained, from which the lead, copper, and palladium may be 

1 PittrA. AM. ft.il., 8. 333. * Joly, Cmpl. rrM., 18*0,108, DM. 

* PM. Tim., 1904,94,410. 
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dissolved opt by the action of dilute nitric acid. "The insoluble 
metallic powder is then well mixed wjth five parts of barium 
peroxide and heated to redness for two hours, the solid mass, 
being lixiviated with water, and the residue boiled with aqua 
regia in order to volatilise the osmium tetroxide, this latter being 
condensed. The excess of barium is precipitated from the 
solution by sulphuric acid, the filtrate, evaporated at 100° with 
an excess df ammonium chloride, and the residue washed with a 
solution of the same salt as long as the wash-water has a rose- 
red colour. The filtrate is then evaporated with an excess of 
nitric, acid in order to decompose the ammonium chloride, and ^he 
residual mass heated to redness with from three to four parts 
of sulphur. /IT* is then rapidly boiled out with aqua regia and 
sulphuric acid, and by this treatment nearly pure rhodium re¬ 
mains behind. In order further to purify this, it is fused with 
from three to four parts of zinc, and the alloy treated with 
strong hydrochloric acid, when the compound RbZn, remains 
behind. This is dissolved in aqua regia and evajwratcd with an 
excess of ammonia. Rhodammoniuin chloride, Rh(NH s ) 4 Cl a , 
separates out-, and this is then purified from traces of iridium 
by rccrystalbsation, and ignited in a carbon crucible with some 
sulphur, and, lastly, in order to remove from it any traces of 
silicon and osmium, fused in the nxy-hydrogen or eloctric furnace. 

Another method of preparing the pure metal is that described 
by Bunsen, 1 for the particulars of which his memoir on the 
subject must be consulted. Tie obtained from one kilogram of 
the platinum residues from the St. Petersburg mint 33-2 grams 
of pure rhodium sodium sulphate, Na a Rh(S0 4 ) a . 

Comifiercial rhodium frequently contains iridium. If, how¬ 
ever, the metals arc converted into the chloropcntammine 
chlorides, the rhodium salt may be obtained quite free from 
iridium by treating the mixture with nitric acid, filtering off 
the chloropentamminexhndium nitrate which crystallises out, 
and reconverting this into the chloride, which then yields 
rhodium quite free from iridium.* 

Rhodium can also be obtained free from iridium wEen the 
latter is present as an iridic salt such as Ir(S0 4 )j, by precipi¬ 
tating the mixed saltt? with caustic ‘.potash, dissolving the 


' Phil Mag., 1808 , [ 4 ], 38. 253 . 

' JSrgenaen, Ztit. unary. Chtm., 1603, M, 82. See also Myliua and Diet!, 
Bar., 1898, 81, 3187; LeidsS, Compl. rent., 1900, 181, 888; LeidU and 
Outline teen, Bill. See. (him.. 1901, [31 28, 840. 




UOO RHODTOM 


hydroxides in dilute sulphuric acid, and adding cssitrtn sulphate. 
The sparingly soluble rhodium cssium alum separatee in the 
cold, and can -readily be purified by recrystallisation and then 
decomposed electrolytically. 1 

Properties.—Rhodium possesses the colour and lustre of 
aluminium, and has a specific gravity oi 12-1. It fuses with 
greater difficulty than platinum, ita melting point being 1907°. 
It is less volatile than platinum, 1 and, unlike iridium, reduces 
the volatility of this metal when alloyed with it. Such alloys 
are therefore preferable for the manufacture of crucibles.* When 
the metal is heated in air or in oxygen, the sesquioxide is formed, 
bnt decomposes again at temperatures above 1JB0 0 . 4 The 
molten metal “ spits ” on cooling, the surface becoming coloured 
blue from oxidation; it can be distilled in the electric furnace. 4 

Pure rhodium, as well as that which contains gold and .platinum, 
is almost insoluble in acids. If, however, it be alloyed with 
bismuth, rinc, lead, or copper, it dissolves in aqua regia. Alloys 
of much platinum and little rhodium also dissolve in aqua regia, 
but if the rhodium be present in larger quantity much remains 
undissolved. Rhodium can, however be brought into solution 
by repeated ignition with fused potassium hydrogen sulphate, 
as well as with phosphoric acid or acid phosphates. Of all the 
platinum metals, rhodium is the most easily attacked by chlorine.' 

Rhodium Black.—When a solution of one of ita salts is heated 
with sodium formate, the metal is precipitated in the form of a 
fine black powder. It evolves considerable quantities of carbon 
dioxide, hydrogen, and oxygen, together with other gaseB and 
water when heated in vacuo. ' It is an active catalyst, and brings 
about the union of hydrogen and oxygen in a similar manner to 
platinum black.' It possesses the property of decomposing 
formic acid, with evolution of heat, into hydrogen and carbon 
dioxide. After a time the action becomes weaker, but the 
powder then simply requires to be washed with water and dried 

1 Piooini and Marino, Ztti. aaorg. Chr<t., 1901,27, 62. 

• CroOXaa, Pm. /toy. Soc., 1912, W, 461. 

• Binge* and Sab, J. ltd. Etg. Chat., 1914, 6, 462 ; 1916,7, 616 ; Burgee, 

.nd Waltenbnrg, Aid., 1916, 5, 487. % 

* Out bier, Hflttlifiger, amtMabeh, Zeil. mors. Chen., 1916, 66, 226. 

* Moisaan, CompL raid., 1906,142, 169. 

■ Out bier and HaUHnger, Znl. mors. Chem., 1910, K, 247. 

’ Sbmta and Juriach, Bor, 1912, 45, 221. 

■ QtMineaaen, Com;*, md., 1904, 132, 795; BtU. Soc. dim., 1906. fl], 22, 
191. 
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in the ait to be again rendered active. 1 At a somewhat higher 
temperature, and in presence of caustic pptash, it also decomposes 
alcohol, with evolution Gf hydrogen and formation of potasaiam, 
acetate; it does not lose this power at a temperature at whick 
gfass begins to softqn (Deville and Debray). 

Colloidal Rhodium. —An unstable, colloidal solution of rhodium 
can be obtained by Bredig's method, 1 which consists in sparking 
between electrodes of rhodium under water, or by reducing the 
pure chloride with hydrazine hydrate. In presence of gura 
arabic, the solution can be evaporated over sulphuric acid, and 
yields a dark brown residue which contains 99-4 peT cent, .of 
rhodium and is almost completely soluble in warm water. 1 
Other protect#! colloids, such as sodium protalbate or lysalbate, 
may also be employed, 4 and the best method of preparing the 
.colloid consists in reducing sodium rhodochloride by formalde¬ 
hyde in the presence of one of these. 1 Colloidal rhodium absorbs 
hydrogen to the extent of more than 2,500 times the volume of 
rhodium present, and carbon monoxide to the extent of 350 times 
its volume at ordinary temperatures and 1,800 times at 60°. It 
causes a slight union of nitrogen and hydrogen to form ammonia, 1 
and decomposes hydrogen peroxide, the reaction being uni- 
molecular as in the case of platinum.* 

Alloys. —Rhodium combines with tin, yielding the alloy 
Rh8n„ which forms small, brilliant crystals. 7 It forms also a 
bismuth compound, RhRi 4 , which crystallises in needles and is 
completely soluble in aqua regia; " it appears to form a compound 
with gold, but not with silver. The alloy with platinum con¬ 
taining 10 per cent, of rhodium is largely used in the form of 
wire in^he construction of thermo-electric pyrometers. 

Crucibles and other forms of chemical apparatus are now 
made of malleable rhodium, and it is essential to use the per¬ 
fectly pure metal for their preparation (Matthey). 

* Blackadder, ZtU. pfciial. Clr m., 1912, 81. 390. 

1 Laneien, Comp I. rend., 1911,158, 1088. 

1 (luthier end Hofmeier, J. pr. Ckem., 1908, [2J, 71.462. 

* Paul and Amberger, Bee., 1904, 87. 124. w 

‘ Zenghelia and Pspaconstantinnu, Compt. rend., 1920,170. 1058. 

* Ibid., 1920,170.1178. 

' Debray, ibid., 1887.1H 1470. 

» Router, Orm. Zeit, 1900,24, 713. 
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RHODWJM COMPOUNDS. 

Khoditm and Oxygen. „ 

612 Rhodium forms three oxides, RhO, Rh",0 3 , and RhO s . 

Rhodium Monoxide, RhO, is obtained by heating the tri¬ 
hydroxide, Rh(OH) s , by the cupell&tion of an alloy of rhodium 
and lead, or by igniting the finely divided metal in a current of 
air. It iH a grey, metallic powder, unattacked by adds; when 
heated in hydrogen it is reduced with evolution of Kght. 

Rhodium Sesqtiioiide, RhjO s , is obtained as a grey, iridescent, 
spongy mass by heating the nitrate. It is air." formed aa a 
crystalline mass when sodium rhodnchloride is heat#d in oxygen. 
It is insoluble in aeide. 

Rhodium Tnk’/drixnde, Rh(OH),, is a black, gelatinous pre¬ 
cipitate, obtained by heating a solution of sodium rhodochloridc 
with excess of caustic potash. On drying it forms a heavy, 
dark brown msss having a conrhoidal fracture anil a metallic 
lustre. It iN scarcely attacked by adds. 

If a solution of the sodium double chloride be treated in the 
cold with potash not in excess, it becomes opaque, and on long 
standing dejxwits thin, lemon-yellow'crystals of the hydroxide, 
Rh(OH) 3 ,H,jO, which dissolve readily in acids, and, when moist, 
in caustic potash. When chlorine is passed into the solution 
of the yellow hydroxide in caustic potash, a blue coloration 
is produced , 1 which is probably due to the formation of a per- 
rhodate, Na,RhO,. 

The rhodium salts are derived from the sesquioxide. They 
possess cither a dark red or a yellow colour, and have a bitter 
hut not astringent taste. 

Rhodium Dioxide, Rh0 2 , is obtained by repeated fusion of 
the metal with caustic potash and sal^oetre. The sesquioxide 
is first formed, and is further oxidised. It closely resembles the 
sesquioxide; it is not attacked by alkalis or acids, and is reduced 
by hydrogen only at a high temperature. 

Rhodium Tetruhydroxide, Rh(OH),.— When chlorine is passed 
into the alkaline solution of the sw<iuihydioxide for a long 
time, and caustic potash occasionally added, this compound 
separates out as a green powder, the liquid becoming blue or 
violet. The green powder dissolves in hydrochloric acid to a 

> Sc* All-arm. Cmpl. mi., 1905,1«, 1341. 
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blue solution; this colour gradually changes to dark red, chlorine 
being evolved. The violet-blue solution probably contains the 
potassium salt of a rhodous acid, which latter separates but. 
after some time us a blue powder, gas being simultaneously 
evolved. On drying, it is converted into the tetrahydroxide. 

Insoluble crystalline salts of the composition K s O, 6 Rh<) s , 
NajO, 8 RhQ 2 , and BaO,l2RhO z are obtained when the corre¬ 
sponding double nitrites are heated in vacuo and the products 
treated with water. These substances may be regarded as 
rhodite *, analogous to the lnanganites, cobaltites, and chromites . 1 

613 Rhodium TffcMoridu, RhClj, is obtained by the continittd 
ignition of*tho finely divided metal in chlorine, and also by 
heating onedfTthe alkali double salts with sulphuric acid and 
pouring the cooled mixture into water; a rose-red powder of 
insoluble .rhodium cliloride remains behind. It may be con- 
vienently prepared from the crude double chloride, RhCl a ,3Na('l, 
obtained by the action of chlorine on the metal in presence of 
sodium chloride, by dissolving it in water, precipitating the 
sodium chloride by hydrochloric acid, evaporating, and heating 
the residue in a current of chlorine or hydrogen chloride. It 
then forms a brown powder, insoluble in water or acids, but 
soluble in alkalis and in potassium cyanide.’ It is obtained also 
as a brick-red powder by heating the rhodium tin alloy, IthSa,, 
in chlorine at 440°, the tin volatilising as stannic chloride. 
When the yellow hydroxide is dissolved in hydrochloric acid, 
a yellow solution is obtained possessing an astringent taste, 
which on concentration becomes rose red, and then possesses 
the peculiar bitter taste characteristic of all rhodium salts. 
When this solution is evaporated, a dark red, amorphous mass 
of the hydrated chloride is obtained, which is deliquescent, and 
on further heating yields the insoluble anhydrous chloride. 

The trichloride yields a large number of well-crystallised rhodo- 
chloridw or chlororhodScs. The sodium salt, Na 3 RhCl 4 ,9H a 0, 
crystallises in deep cherry-red, triclinic prisms, which are very 
soluble in water, and effloresce in the air to a peach-blossom 
coloured powder, The amntoniuwi salt, 2(NH 1 ) s RhCl s ,3H l O, 
forms four-sided, rhombic prisms. 

The dark salt formed with potassium chloride has the formula 
2KC1,RhCl, or KgRhClj. It crystallises in dark red, acicular 
prisms which contain lH a O, according to Berzelius, but accord- 

1 Leidii, Compl. rmi., 1800, ltt, 1248. 

1 Joly »nd Leldie, flii, 1*98, 27.103. 
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ing to Leidi4 are anhydrous. Another hydrate, K t RhClj,3H,0, 
crystallising in dark red prisms has been described by Claus. 

Rhodium hhmosulphide, RhS.—When rhodium is heated in 
sulphur vapour it takes fire with formation of the sulphide, 
which is produced alao when sulphuretted hydrogen is passed 
through a solution of a rhodium salt, and the washed precipitate 
dried by ignition in a current of carbon dioxide. Thus obtained, 
it forms a bluish-white, fused mass of metallic lustre; heated in 
the air it leaves a residue of spongy rhodium. 

Rhodium Sesquisulphide, Rb a 8,, is obtained in the pure state 
by. heating the trichloride in sulphuretted hydrogen at 360°, 
and forms blackish, crystalline plates. The hjdrosulphide, 
Rh(8H)„ is precipitated when sulphuretted hydrogen in large 
excess is passed into a solution of a rhodium salt at 100°, and 
forms a brownish-black precipitate which is insoluble in ammonium 
sulphide. 1 

Rhodium Sulphite., Rh l (SO,)„6H l O, is obtained by dissolving 
the yellow hydroxide in sulphurous acid and evaporating. It 
is a pale yellow, indistinctly crystalline mass, and forms crystalline 
double salts. 

Rhodium Sulphate, Rh,(80 4 )„12H,0, is obtained by dis¬ 
solving the yellow hydroxide in s\dphuTic acid, evaporating, 
and washing away the excess of acid by alcohol. It is a yellow, 
orystaijine mass which possesses a sour, astringent taste. The 
anhydrous salt is a brick-red, non-hygroscopic powder (LeidiG). 
According to Claus, it forma crystalline double salts with the 
alkali sulphates, but Lcidi£ was unable to confirm this statement. 

A series of rhodium alums of the alkali metals, ammonium, 
and thallium has been prepared by dissolving the yellow 
hydroxide in exceaa of dilute sulphuric acid and adding two- 
thirds of the calculated amount of the alkali sulphate. 1 Rhodium 
caiium alum, Cs*30 4 .Rh,(S0 4 ),,2411,0, forms yellow octahedra, 
melts at 110—111°, and is sparingly soluble in cold water. The 
potassium compound, on the other band, is extremely soluble 
in water, the rubidium and ammonium salts being intermediate 
in solubility. 

Rhodium Nitrite, Rh(NO,)„ has not been isolated, but 
forms characteristic double salts. ftocKrai rhodium nitrite, 
SNaNOj.RhfNO,)* separatee in bulky, white crystals, which 
act on polarised light. The potassium salt also forms white, 

> Leslie, CoatpL rout., 1SXS, 100,15S8. 

■ Piconi ud Marino, ZtU. au>j. Cbm., 1901,27,02. 
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microscopic.crystals when pure, 1 but ia usually obtained as a 
Heavy, orange-coloured, crystalline powder, which dissolves 
readily in hydrochloric aeid. > 

Rhodium Nitrate, Rh(NO,),, does not crystallise, but forms a 
dark yellow, hygroscopic, gummy mass. 

Potassium Rhoiicyanide, KjfRhCyJ, is obtained in a similar 
way to the corresponding iridium salt (p. 1147), which it closely 
resembles. It may also be prepared by dissolving the yellbw 
hydroxide in caustic potash, diluting, and adding to an excess of 
hydrocyanic acid. 1 It is distinguished from the iridium salt, 
inasmuch as acetic acid produces a pale crimson-red precipitate 
of rhodium cyanide, RhCy s , soluble in the cyanides of the alkali 
metals, formu^fthe rhodicyanides (Martius). 

. Ammomacal Dkrivatives of Rhodium. 

614 The ammoniacal rhodium bases and salts closely resemble 
the corresponding cobalt compounds. The three chief series 

have the following general formula: 

• 

Hexammine salts (Luteo-salts) [Rh(NH,),]X s 

Aquopentamraine salts (Roeeo-salts) [Rh(H,0)(NH,) 4 ]Xj. 

Pentammine salts (Purpureo-salts) [RhX(NH,) s ]X, 

in which X is a monovalent negative radicle. 

Uexammine-Rhodium Trichloride (buteorhodium Chloride), 
[Rh{NH,),]Clj, iB obtained in colourless, lustrous crystals by 
heating the salt next described with ammonia. 

Chloropentammine-Rhodium bichloride {Chloropurpureorhodium 
Chloride), [RhCl(NH s )j]Cl a , is prepared by dissolving the alloy 
of rhodium and zinc in aqua regia and adding ammonia. It 
forms small, yellowish, lustrous, rhombic crystals. 

Aquopentammine-Khaimm Chloride {Roseorhodium Chloride), 
[Rh(H t O)(NH,) 5 ]CI s ,H t O # is obtained by digesting the fore¬ 
going compound with silver oxide for several days, and dis¬ 
solving the resulting base in hydrochloric acid. 

Optically Active Rhodium Ammine Salts.— There i«, con¬ 
siderable similarity between rhodium and cobalt Balts. The 
triethylenediamine cobalt salts form optical isomerides, and 
Wemer has succeeded in obtaining the optical isomerides of 
triethylenediaminerhodium salts. 3 

> teldli, Compt. rmi., 18 B 0 , 111. 106. 

■ Bn., 1911,48, IBS. 


> Ibid., 1900, ISO. 87. 
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Detection and Estimation or Rhodium. 

u 

■615 Solutions of this metal are precipitated by sulphuretted 
Iiydrogen, slowly in the cold, but more quickly when warmed. 
The brown sulphide is insoluble in ammonium sulphide. When 
a -rhodium compound is heated in hydrogen the metal is 
obtained; this is insoluble in aqua regia, but can be obtained 
in 'solution when it is fused with acid potassium sulphate. The 
fused mass on treatment with water yields a red solution, from 
which the metal in precipitated as a black powder on addition of 
caustic potash and alcohol. It is also precipitated Irom acid 
solution by zinc and other metals. f 

Rhodium is estimated quantitatively us the 
Atomic Weight of Rhodium— Jorgenson , 1 from the analysis 
of chloropontamminerhodium dichloride and of thc^analogous 
dibromide, obtained the number 103'1, and Seubert and Hobbe , 1 
by the same method, the number 102-94. This figure has been 
confirmed by the later work of Hiittlinger , 1 who found, as a 
mean of three determinations, the value 102 93, and Dittmar,* 
who, as a mean of seven experiments, obtained the figure I02'91. 
The value now adoptod (1922) is 102 9. 


PALLADIUM. Pd--- 1067 . At. No. Afi¬ 
eld In April, 1803, a printed notice came 1 into the hands of 
Chenevix, to the effect that a new metal, called Palladium, was 
to be sold at Forster's, of Gensrd Street, Soho. Chenevix,* 
believing that this was simply a fraud, bought the whole stock, 

■ J. pr. Chim., 1883, [2J. 27, 486. 

1 Annaltn, 1891,280,314. 

1 Blfraafskr. pAys. mtd. Sm. Erl/non, 1007, 88, 1. 

‘ IM„ 1909, 40. 184. 

* " Palladium, or or* silver, ha* these propettire amongst others that show 
it ti> bo a now noble metal:—1. It dissolves in pjx spirit of nitre, and makes 
a dark red solution. 2. (Ireen vitriol throws it down in the state of a reguiua 
from this solution, aa it always does guld from aqua regia. 3. If yon evaporate 
the eolation you get i red calx that dissolves in spirit of salt or other acids. 
4. ft is thrown down by quicksilver, end by all the metals but gold, platinum, 
and silver. 4. Its specific gravity by hammering was only 114; but by 
flattening as much aa 11-8. w 8. tea common tire the faro of it tarnish* a little 
and turns blue, bat comes bright again, like other noble melds, on being 
stronger heated. 7. The gresteot heat of a blacksmith's fire would hardly 
melt it. 8. Bat if yon touch it whilo hot with a small bit of sulphur, it mas 
as easily as sino." 

• Phil Tmu.. 1803, 98, 200. 
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and after investigating the question he came to thrf conclusion 
that the substance was not a new metal, £ut that it was a plati¬ 
num amalgam of peculiar properties. Soon after the commuiO-_ 
cation of Chenevix’s paper to the Royal Society (May 13, 1803), 
an advertisement appeared in which a handsome reward was 
offered to any one who should prepare even a grain of this sub¬ 
stance, either according to Chenevix’s plan, or by any other 
method. No one succeeded in obtaining the reward, although 
several German chemists endeavoured to prepare the new sub¬ 
stance. In 1§04 Wollaston 1 declared that he was the discoverer 
of palladium, having taken this name from that of a new planet 
Pallas, discovered by Olbers in 1802. At the same time he 
described the jffocess which he adopted in order to obtain tbc 
new metal bom platinum ore. 

Palladimp occurs in a tolerably pure state with Brazilian 
platinum ore, as well as together with gold, at Tilkerode, in 
the Harz. It is contained in most platinum one, and is found 
in many places in South America alloyed with gold. 

Numerous methods of separating palladium from the other 
platinum metals have been described. Among these may be 
mentioned the precipitation of the dicyanide by the addition of 
mercuric cyanide to a neutral solution of a palladium salt, and 
the treatment of the dichloride solution with potsssinm iodide, 
or freshly precipitated silver iodide,* which yields palladious 
iodide as a black, insoluble precipitate. The cyanide ie con¬ 
verted into the metal by ignition, and the iodide by heating 
in a current of hydrogen. Bunsen, 3 by the iodide method, 
prepared pure palladium from the platinum residues of the 
St. Petersburg mint, which consisted of a mixture of all the 
platinum metals. Other methods of working up the platinum 
metals on the large scale have been given by Philipp, 4 Guyard, 6 
and Leidid* From the palladium-gold alloy it may be obtained 
by fusing the latter with silver, and treating the granulated 
metal with moderately dilute nitric acid, which dissolves the silver 
and palladium, but leaves the gold unattacked. The silver is 
precipitated with sodium chloride, and the palladium from the 
filtrate by metallic zinc.’ 

To prepare pure palladium from the commercial metal, it is 

* PM Train., 1804, M. 428; 180S.'88, 318. 

* Orlofl, Chen. ZeiL, 1006. 80. 714. * PM Mag., 1808, [4J 88, 283. 

‘ DingL Pofyt. Jam., 1878. 220, 86. * Camft. rend., 1888,88, 1177. 

* Ibid., 1800, m. 888. » Cook, PM Mag., 1843, [3], 28,16. 

VOL. II. (D.) J?P • 
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dissolved iit aqua regia, and precipitated as the double ammonium 
chloride together with, platinum and other metals. The pre- 
< capitate is treated with excess of ammonia, when the palladium 
salt dissolves, and on addition of hydrochloric acid yields, 
after a time, a precipitate of yellow palladdiammonium chloride, 
This sometimes contains rhodammonium chloride, which is 
separated by retreatment with ammonia and addition of hydro¬ 
chloric acid. The washed precipitate yields spongy palladium 
on ignition. 

Palladium has a colour closely resembling that of silver and 
platinum, a specific gravity of 11-4 at 22-6° (Deville and Debray), 
or 11-9 (Myiius and Dietz ); 1 it melts at 1549°, the lowest 
melting point of all the platinum metals, 'ttt the melting 
point of iridium it boils violently, with partial oxidation, and 
emits green vapours, which condense to a brown sublimate 
consisting of a mixture of oxide and metal* 

Palladium is dimorphous. The native metal occurs in the 
Brazils in the form of sand or rounded grains, amongst which 
small, regular octahedro are sometimes found. Native palladium 
usually contains small quantities of both platinum and iridium, 
and has a specific gravity varying from 11-3 to 11-8. The 
palladium found in the Harz occurs in small, hexagonal tablets, 
together with gold and lead selenide, and hence this latter body 
was first considered to be palladium selenide. Owing to the 
diJIerence of crystalline form this variety has been termed by 
Danna J AUopalladium. 

When palladium is heated to dark redness it assumes a violet 
or blue colour, but at higher temperatures it regains its metallic 
lustre, and this remains even when the metal is quickly cooled 
by plunging into water. When heated in a current of oxygen 
till the weight is constant it forms the monoxide, PdO . 4 Pal¬ 
ladium dissolves readily in nitric acid, especially when this 
contains nitrous acid, or when the metal is alloyed with either 
copper or Bilvcr. It also dissolves in hydrochloric acid if chlorine 
be passed into the liquid, and is attacked by boiling concentrated 
sulphuric acid, and by fused potassium bisulphate. 

617 . Palladium and Hydrogen.- Palladium is distinguished 
for its remarkable power of absorbing or occluding hydrogen, 

■ Ber., 1S8S, 81, 3187. 

' See »l»o Moran. CmpL rod., 1900,148.189. 

■ Mneralow, 6th ti, p. 12. 

• Wilm, Ber., 1892, 28, 220; Wohler, Ztil. Elcitrxixm., 1906,11, 83S. 
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This property was first discovered by Graham, 1 tHio observed 
that absorption of hydrogen occurred vjhen the gas was passed 
over metafile palladium which had been heated to redness, «or 
wjien the metal was employed as the negative electrode in the 
electrolysis of water. He found that the metal absorbed about 
900 times its own volume of hydrogen, termed the occluded gas 
hydrogenium, and thought it was present in the solid state. The 
absorption or occlusion of hydrogen by palladium has since been 
the subject of many investigations. Sieverts 2 found that the 
quantity of hydrogen absorbed is independent of the superficial 
area of the metal and concluded that the phenomenon is a case 
of simple solution. At constant temperature, the arnonnt 
absorbed is y/A'y nearly proportional to the square root of the 
pressure of the hydrogen. With increase of temperature, thu 
amount absorbed decreases rapidly to 600°, then alowly to 800°, 
and then only very slightly. At the melting point, the molten 
metal absorbs lees hydrogen than the solid, consequently there 
is no “ spitting ” when molten palladium solidifies in an atmos¬ 
phere of hydrogen. 1 The whole of the occluded ga9 can be 
removed by heating in vacuo even at 100°.* The rate of occlusion 
of hydrogen falls off in proportion to the amount of gas already 
absorbed, and it is therefore probable that the process of occlusion 
is first simple adsorption on the surface layer, followed by slow 
diffusion into the interior of the metal from this layer. 4 From 
the rate of cooling of palladium in hydrogen, Andrew and Holt 6 
conclude that the metal crista in two allotropic modifications 
and the absorption of hydrogen may be regarded as taking place 
rapidly in the one form and more slowly in the other, thus 
accounting for the initial rapidity and subsequent slowness of 
the occlusion." 

The physical properties of palladium undergo considerable 
change through the absorption of hydrogen. The specific 
gravity of palladium-hydrogen is less than that of the metal, 
hence expansion must occur in the formation of the compound. 
This expansion can be shown in several ways, One of the 
most striking is to fit two palladium wires horizontally through 

1 Phil. May., 1808, 82, 610: Proc. Boy. 3 k. , 1867, IS, 223; 1868, 18, 422; 
1869,17, 212, 500. 

1 pkgnbxt. Chon.. 1914, 88, 104 46!. 

1 Mono. Ramsay, and Shields, Proc. Boy. 3 m., 1897, 62,290. 

• Holt, Edgar, end Firth, ZtiL phy„kul. Cktm.. 1913, 82.51S. 

‘ Proc. Roy. See., 1913, Ml. 88,170. 

.. • Holt, ibid,, 1914, 226; Firth, Jour*. Chon. Soc., 1920,117,171. 
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the edges of-a thin electrolytic trough with parallel glass sides. 
The trough is then filled with acidulated water, and an image of 
the wires thro{m on a screen. An electric current is now passed 
through the cell, when a singular bending of the palladium wire 
from which the hydrogen is evolved is noticed. If the current 
bq reversed this wire first returns to its original horizontal position, 
and then bends to the opposite aide, whilst the other wire is 
deflected in the former direction, the explanation of this double 
bending being that first one side, and then the other side of the 
wire becomes saturated with, or loses the hydrogen. 1 If one 
side of a piece of palladium foil be saturated electrolytically 
with hydrogen, then washed and dried, and afterwards ignited, 
it becomes so bent that it has almost the appedT^nce of having 
been rolled up into a coil. 

The electrical conductivity of palladium decreases with oc- 
closion of hydrogen. It first decreases proportionately to the 
amount of hydrogen absorbed up to 40 volumes, then asymptot¬ 
ically up to 600 volumes and then proportionately again. This 
break in the rate of decrease of conductivity is attributed to the. 
formation of a oompound, PdH,. 1 The formation of another 
hydride, Pd*H, had been assumed by other investigators 8 from 
a study of the pressure of the hydrogen evolved from hydro¬ 
genated palladium at different temperatures, but the existence 
of this compound has not been confirmed. 4 The magnetio 
suscoptibility of palladium is also decreased by the absorption 
of hydrogen. 1 

The occluded hydrogen is chemically very active. The 
product containing hydrogen often becomes heated on exposure 
to the air from absorption of oxygen and formation of water, 
and when palladium black has been employed this action may 
be sufficiently vigorous to render the powder pyrophoric (Paal 
and Amberger). Palladium foil charged with hydrogen acta 
as an excellent reducing agent, reducing ferric and ceric salts, 
ferricyanides, and chromates, and may be employed lor this 
purpose in quantitative analysis. 8 

» 

1 Poggeodorff, Btr., 1889, g, 74 flee aio Dswsr. Phil. Mag., 1887, [4J 17. 
834. , 

» Wolf, ZtU. phytikal dim., 1814. S7, 575. 

* Troost sod Heulefaoilk, CtmpL retd., 1874,7B, 888. 

* Hoitaems, Zcit. phjiihil. dm., 1885,17,1. 

• Biggs, Pkii. Mag., 1918, [81 H 131; Oxley, Pro c. Sag. Soc., 1922, [A], 

101,284 

• CUsfmxn, iaalgat, 1904 », 348. 
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The pairef of palladium to absorb hydrogen is diminish ed by 
certain substances, notably hydrogen sulphide and lead salts. 
The question has been studied by Maxfed, and the decrease,^ 
occlusive power is found to be approximately proportional to 
the amount of “poison” present. 1 The occlusive power of 
palladium is greatly affected by alloying it with otber metals. 
Thus the solubility of hydrogen in palladium is increased by the 
presence of%Qver, although hydrogen is insoluble in silver. The 
increase in solubility continues with increase in the amount of 
silver up to a maximum at 40% of silver, when the solubility 
at 138° is lour times as great as in pure palladium. Further 
increase of the silver content results in a decrease in solubilify, 
and at 70% of-Silver the solubility is reduced to zero. Addition 
of gold, in the same way, causes first an increase and then a 
decrease in the occlusive power, but the effect is not eo marked. 
Platinum, on the other hand, decreases the solubility when 
alloyed with palladium in any proportions. Unlike the other 
cases, the solubility here incresses with rise of temperature. 
With all the alloyR the solubility is proportional to the square 
root of the pressure of the hydrogen, as in the case of pure pal¬ 
ladium. 1 

Palladium also occludes other gases, notably carbon dioxide. 1 

Hydrogen readily diffuses through palladium, tho metal 
exhibiting this property, also, in a very much more marked 
degree than platinum or iron. The rate of diffusion is approxi¬ 
mately proportional to the pressure of the gas. 4 The diffusion of 
hydrogen is selective; for example, pure hydrogen diffuses through 
the metal from ordinary coal gas. 6 Hydrogen which has been 
ionised 6y A'-rays or radium does not diffuse through palladium.* 

Spongy Palladium.—On heating ammonium paliadiochloride 
decomposes, ammonium chloride being evolved and the palladium 
left in a spongy form. In this condition the metal is more 
active. It dissolves in hydrochloric add in presence of air and 
absorbs hydrogen very readily. The arrangement shown in 
Fig. 201 iB that proposed by Wohler ’ for exhibiting the de- 

1 Muted, Joum. Chtm. Sot., 1919, 118,1050; 1940, U7.1480, If»I; 1921, 
111 1481. 

1 B invert ", Jorisch, and M(*i, Zt’L naarp. Chtm., 1916, K, 329; Tamraann, 
ZtiU aitory. Chm., 1940, 111, 90. 

1 Harbeok and Lange, ittd., 1898, II, 80. 

« Holt, Pm. Boy. Sx„ 1915, [A], M, 148. 

* Graham, he. eil. ; Raomy, PWi. Bay., 1894,88,200. 

• flieverte, Zeit. yhysikal. Chm, 1914, 88,103. 

’ Ansaltn, 1878,184,128. 
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composition«of palladium-hydrogen by heat and the reahsorption 
of the hydrogen on cooling. The U-tube (a) dipping in boiling 
wi^er contains the spohgy palladium, .over which a current of 
hydrogen is passed for half an hour from the cylindrical generator 
on the right of the figure. The water-bath is then removed, and 
the tube allowed to cool in the current of hydrogen. The stop¬ 
cock (d) is now shut, and the tube (a) placed in communication 
with the tube (6). This latter dips in the cylinder and is bent 
up at the lower end into the tube (e). The tube (a) is next heated 
with a flame, when the cylinder soon becomes filled with hydrogen, 
and on allowing the spongy metal to cool, a rapid absorption of 
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the hydrogen occurs. The experiments can be repeated as often 
ns desired. 

The absorption of hydrogen is a minimum at 20". It increases 
with rise and also with decrease of temperature,’ becoming very 
great at the temperature of liquid air, when it may be used for 
removing the last traces of hydrogen from other gases. 5 

Palladium Black is obtained, similarly to platinum black, by 
reduction of palladium salts with soldium formate. Owing to 
its affinity for oxygen, it contains some palladious oxide. 3 It 
absorbs hydrogen very readily, but bn beating the occlusive 
power is diminished. The blank is regarded as a mixture of 

1 Outbier, Gcbhard!, uid OtUnitem, Her., 1913,48,1483. 

' Vslentiner, Bit. Dtul. pkynhil. da., Mil, 18, 1003. 

1 Mow!, Rirawy, and Sltmfcl*, Prx. Ron. Soe., 1897,6C, 50. 
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amorphous and crystalline palladium, and on Keating the 
amorphous is converted into the crystalline variety, in which 
hydrogen is leas soluble. AU forms of palladium have the same 
capacity for absorbing hydrogen above 000°. Thu absorption is t 
pfobably a case of simple adsorption in the amorphous metal, 
but of true solution' in tbe crystalline variety. Palladium black 
is gradually converted into palladium sponge by heat. 1 < 

Palladium in all its forms acts as a catalyst in many reactions. 2 * 
When warm palladium foil is brought into an electrolytic mixture 
of hydrogen and oxygen, or other explosive gaseous mixture, 
combinatioif takes place without explosion (Coquillon),* and 
when the metal is brought into the flame of alcohol or coal gas 
it becomes hovered with a thick film of soot. When palladium 
sponge is placed in a current of ethylene, this gas is decomposed 
with separation of carbon; this occurs at a temperature at 
which the* gas alone does not undergo any alteration. 4 

In the presence of the finely divided metal at moderate tem¬ 
peratures, hydrocarbons mixed with air are completely burnt to 
carbon dioxide and water Sodium hypophosphite solution is 
readily oxidised first to the phosphite and then, more slowly, 
to the phosphate, with evolution of hydrogen. 1 * * 

Colloidal Palladium. - A colloidal solution of palladium can 
be prepared by the electrical method, 8 by the action of formalde¬ 
hyde, hydrazine hydrate,’ or carbon monoxide* on patladious 
chloride, and by the action of hydrazine hydrate or gaseous 
hydrogen on a palladium salt in presence of sodium protalbatc. 4 
The last preparation can be obtained by evaporation as a solid 
hydrosol, which absorbs hydrogen. It dissolves readily in water 
yielding the colloidal solution again. 

Colloidal palladium is an exceptionally active catalyst. Like 


1 Siovurti, Zeil. phyeikal Chtm., 10U, 88, 103; Firth, Jo*m. Chtm. 3oc., 
1021,119.1120. 

> Lungo and Akonoff. ZtR. anorj. Cheat, 1900,24.101; Zelinsky, Btr., 180S, 
81,3203. 

• Compt. tend., 1876, 83.709. See alio Taenmann, Ztil. a*or). Chtm., 1920, 
111, 90. 

4 Wohler, Annaltn, 1876,181 128. 

1 Slererta and Patera, Ztil, jiAjrrituJ. Chem., 1916,91,100. 

• Bredig and Fortner, Baa 1004,87, 798. 

’ Gutbiar, Zdt. ana y. Chest, 1002, 82, 347;*antbiar and Hofraeior, J. pr. 
Chtm.. 1906, [2], 7L 368. • 

• Donan, JfonoW., 1900, *7. 71. 

•Paal and Ambergar, Ber., 1904, 87, 124; 1906. 38, 1398; Ambarger, 
KoUvid Ztil. 1913,18, S10. 
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platinum, it decompose* hydrogen peroxide end catalyses 
reductions 1$ hydrogen, 1 in most cases to a more marked degree. 
Nitrobenzene is readily, reduced to aniline,* unsaturated com¬ 
pounds are readily saturated, partially or wholly, and many 
oils may be " hardened ” as when nickel is used as catalyst. 
This activity is doubtless oonnected with the power of the colloid 
to absorb hydrogen. It also absorbs acetylene to a meet re¬ 
markable degree, about 6000 volumes of this gas being dissolved, 
doubtless owing to the formation of condensation and polymerisa¬ 
tion compounds. 3 

The colloid is readily poisoned by many substances, notably 
hydrogen sulphide, hydrogen cyanide, hydrogen arsenide, and 
mercurio salts. It readily converts mercury and jndteuric oxide 
into colloidal solution, and thus loses its activity, prbbably owing 
to the formation of a colloidal amalgam* Mercury, in fact, 
decomposes palladium-hydrogen hydrosols with evolution of 
hydrogen. 6 The catalytic activity of palladium hydrosols 
first increases with sge, reaches a maximum, and then decreases 
again* 

Palladium is now employed in preference to platinum in 
dentistry for the production of artificial teeth, and also in jewellery, 
particularly for the setting of stones. On account of its unalter- 
sbility in the air, and owing to its bright silver-white colour, it 
has been employed for the preparation of graduated surfaces for 
astronomical instruments. It is likewise used fox ooating silver 
goods, as palladium does not lose its fine white oolour on exposure 
to sulphuretted hydrogen, and hence it has been much employed 
by dentists as a substitute for gold also. Spongy palladium is 
used in gas analysis to absorb hydrogen. 

Palladium alloys with gold, 7 silver, 7 copper, 7 and nickel* in all 
proportions no compounds being formed. It also alloys with 
lead, forming a series of compounds.* The alloys with gold 

1 Keiber and Schwart, Btr., 1912, 46, 1948; BiWran, van der Wsido, and 
Horn, Ret. tmr. ehim>, 191ft, 36, 260; Berti-Ceroni, Gmx ., 1916, 46. li, 61; 
NiviSre. Kail. Sac. chin., 1921, [4J, St, 217; SandoBnini and Quglia, Goa,, 
1922, 62, i. 409. 

• Paal and Amberger, Btr., 1906, 36,1406. 

> Paal and Hobowggor, Ker., 1910, 48, 2664; 1916. 48. 276; Paal and 
Schwart. ibid.. 1915,48. 1196. , 

‘ Paal and Hartmann, Btr.; 1418, fl, 711,894, 

• Paal and Slcjer, iW„ 1916, 0,1741 

• Do Kooanolano, CamfL rod., 1920,171.301. 

' Run, Zeil merg. Chtm^ 1906, SI, 223,316. 

■ Hoinrieh, 1918,88.322. 

• Tammann, iUL, 1921, U8, 91 
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have a high melting point, and are so resistant to Mrrosion that 
they are, for many purposes, employed as a substitute for 
platinum, and are known as Bhotanium^- Palladium also foijns 
an amalgam which may be made by rubbing the finely divided 
metal with mercury. 

• PALLADIUM COMPOUNDS. 

Palladium and Oxygen. 

6:8. Three oxides of palladium are known: the monoxide, 
PdO, the aesquioxide, which has only been obtained in the 
hydrated condition, Pd a Oj,2:H 2 0, and the dioxide, PdOj. A 
suboxide, PdjO, has also been described, 1 but it is probable that 
this is in reality a mixture of the metal and the monoxide. 1 

Palladium Monoxide, PdO, is formed by the long-continued 
heating of the spongy metal in a current of oxygen at tempera¬ 
tures rising from 700-840°, or by heating a mixture of a palladium 
salt with potassium carbonate. Prepared in the first manner 
it is a bluish-green, and by the second an amber-ooloured mass, 
’Which yields a black powder. On strong ignition, it yields 
the metal, the dissociation pressure* being 760 mm. at 877°, 
and it is reduced by hydrogen at tho ordinary temperature with 
evolution of light and heat. It acts as a powerful oxidising 
agent to organic substances, and is reduced to metal by hydrogen 
peroxide. If a palladioua salt .be precipitated with sodium 
carbonate, a dark brown hydroxide, readily soluble in acids, 
is thrown down, whilst tho anhydrous oxide dissolves only 
after long boiling. When precipitated in the cold it is soluble 
in alkalis, but loses this property when dried or when prepared 
from a boiling solution. The pure hydrated oxide is best pre¬ 
pared by the hydrolysis of the nitrate. 

The palladioua salts, corresponding to this oxide, possess a 
green, red, or brown colour, and have an astringent, but not 
metallic, taste. 

Palladium Sesquiozide is obtained in the hydrated condition 
by the electrolytic oxidation of palladioua nitrate. 5 It forms a 
Brown precipitate which jlissolvee readily in hydrochlorio acid, 

* Fahrenwald, J. Ini. Eng. Chest., 1917,8,590; Gurevich and Wiohere, ibid., 

1919,11, 570. * 

* Kue, fill Trwu., 1842, US, 276; Nouimm, UonaU,.. 1892,18,40. 

> WOhler and KOnig, Zaf. anorg. Chan.. 1905,46,828. 

* WOhler, Ze.'t EltktncJxm., 1905,1L B36; 1906,18, 781. 

4 WShler and Martin, gal. anorg. Chttn.. 1908, PI, 398. 




■ PALLADIUM 


1418 


forming an ffhstable chloride. Palladium is thus brought more 
into line with its neighbours rhodium and ruthenium. 

Palladium Hiaxide is obtained in an impure hydrated form 
as a brown precipitate by the addition of caustic soda to potassium 
palladichloride. This is soluble in acids,_ but becomes less 
soluble when preserved, It can be obtained free from alkali 
and basic salts by the anodic oxidation of the nitrate, but is 
not quite free from monoxide. The dioxide very readily decom¬ 
poses into the monoxide and oxygen, and cannot be obtained 
in the anhydrous state. It acts as a vigorous oxidising agent, 
aqd decomposes hydrogen peroxide (WOhler and Konig). 

Palladium Salts. 

619 . Pailadious Chloride, PdC]„ is obtained by heating palla- 
dious sulphide, PdS, in dry chlorine, when it is obtained partly as 
a rosc-rcd sublimate and partly in the form of garnet-red crystals 
which dissolve slowly but completely in water. It is prepared 
in solution by the simultaneous action of chlorine and hydro¬ 
chloric acid on the metal. On evaporation over caustic, lime, 
brown-red crystals having the composition PdCJ„2HjO are, 
deposited. These lose water when gontly heated, the anhydrous 
chloride remaining as a brownish-black mass which melts easily 
without decomposition, and is reduced by hydrogen in tile cold. 
At a red heat it fuses and loses half of its chlorine, forming the 
monochloride, PdG, which, on cooling, solidifies to a reddish- 
brown, crystalline mass yielding a light red powder which is 
very deliquescent. The aqueous solution 'partially decomposes 
with separation of basic salts, and the solution is reduced by 
hydrogen, carbon monoxide, and other gaBcs . 1 When heated, 
pailadious chloride unites with carbon monoxide , 8 forming the 
crystalline compounds, PdCl,,2CO, melting at 142°, 21 > dCl t ,3CO > 
melting at 132°, and PdCl,,CO. These substances are analogous 
to the corresponding platinum compouffds. 

Pailadious chloride forms double chlorides with other chlorides, 
kno wn^aa paUadiochlorides or chloropaMadites? A large number 
of these salts of organic biaes have been prepared.* 

1 Bottger, J. V. Chen., 1859,78, 833. 

* Fink, Conpt. rend., 189S, 128. MS. 

* Sen Qutbier and KralL Sir., 1005,68,2385. 

* Gotbfer, Ber., 1905, 88. 2105; ZtiL army. Chen., 1905, 47, 23; Gotbier 
and Krai!, Ber., 1905, 88, 3809; 190S, 89, 616, 1292; Gutbier and Woerale, 
Ber., 19OT, 89, 2716; Outbier, Falimer, and cthwi, ZtiL anory. Ck on., 1916, 
98,129. 
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- Potassium, Palladiochloride, KjPdCl,, is obtained by adding 
potassium chloride to a solution of pall&dioua chloride. It may 
also bo prepared by ignition of potassium pallndichloride. ,It 
is easily soluble in water, less so in alcohol, and cryBtaliiseS 
in four-sided prisms, exhibiting a red-green dichroism. 

Ammonium Palhdiochloride, (NHJjPdQ,, is obtained by 
evaporating a solution of palladium chloride with ammonium 
chloride, ft forms either bronze-yellow prisms exhibiting a play 
of different colours, or yellowish-green needles, and dissolves in 
water, forming a dark-red solution. 

PaUadic dhloride, PdCl,, is not known in the free state. The 
brown solution obtained by dissolving the metal in concentrated 
aqua regia contains palladkhloric or chloropalladic acid, H s PdCl„ 
corresponding to chloroplatinic acid; this forms salts with the 
alkali metals and certain aromatic bases.' 

Potassium Palladichloridc , K a PdCl„ is obtained by adding 
potassium chloride to a solution of the metal in an excels of 
aqua regia and gently evaporating. It is also prepared by 
precipitating a solution of palladious chloride, saturated with 
ohlorine, with an excess of potassium chloride, or by warming 
the palladiochloride with potassium persulphate and hydrochloric 
acid. 8 It forms cinnabar-red or brownish-red octahedro showing 
the faces of the cube. These dissolve in hot dilute hydrochloric 
acid without decomposition, but are not soluble in water con¬ 
taining the chlorides of the alkali metals, or in alcohol. 

Ammonium Palladichloridc (NH,),PdCl„ is a bright-red, crys- 
stalline powder consisting of microscopic octahedra. It is 
obtained by precipitating a solution of tbo cWoride, saturated 
with chlorine, by ammonium chloride. On treating the solution 
with an excess of ammonia a violent evolution of nitrogen takes 
place, ammonium palladiochloride being formed: 

3(NH 4 )jP( 1C] 4 -f 2NH,= 3(NH 4 )jPdCl, + 6HC1 + N t . 

Palladious Bromide , PdBr a , is obtained by treating the metal 
with bromine hydrate and nitric acid, and forms a chestnut- 
brown mass which dissolves in hydrobromic acid hut not ife water. 
• Potassium palladiobromide, KjPdBr 4 , crystallises in lustrous, 
reddish-brown needles which are stable in the air. Many ana¬ 
logous salts are known (Gutbiefcand Krell). 

PaUadic Bromide, PdBr t , is not known, but the paUadi- 

> Muhlau, Btr., 1908, 88, 881. 

’ Scagliarini and Bfrli-CCToni, (hnz., 1918, [2], 48,151. 
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bromides o f<he alkali metals, R^dBr* have been prepared by 
passing bromine vapour into tie solutione of the corresponding 
pajladiobromii^es. They are sparingly* soluble salts which are 
1 decomposed by hot water and by ammonia (Gutbier and KieD). 

Palladious Iodide, Fdl a , is obtained by precipitating the 
chloride with potassium iodide as a black, flo cot lent precipitate 
which, when dried in the air, forms a deliquescent mass exhibiting 
a conchoidai fracture. It dissolves slowly in hydriodic acid 
and readily in a solution of potassium iodide, imparting to 
this a wine-red colour. When heated to 100° it begins to give 
off iodine, and it decomposes completely at temperatures between 
330° and 360°. The solution in potassium iodide yields on 
evaporation blackish-green, deliquescent cubes of potassium 
paliadioiodide, K,PdI 4 . 

Palladium Subsulphide, PdjS, is obtained by fusing ammonium 
palladiochloride with sodium carbonate, sulphur, and ammonium 
cblpjjde. A green, molten mass is thus obtained which crystal¬ 
lises on cooling mid exhibits a metallic fracture. It is only 
slowly attacked by aqua regia. 

Palladium Monosulphide, PdS, is formed with incandescence 
when the metal is heated in the vapour of sulphur. It is a 
bluish-white, hard mass, which exhibits a laminated fracture and 
a metallic lustre, and oxidises only slowly in the air. A black 
precipitate is formed by passing sulphuretted hydrogen through 
u solution of a pallndious salt; this is generally supposed to 
be palladious sulphide, but it always contains more sulphur 
than is required by the formula PdS. 1 

Palladium Disulphide, PdS*.—When the foregoing compound 
is fused with sodium carbonate and sulphur, sodium ihiopaBadale, 
NftjPdSj, is formed. This crystallises in reddish-brown needles 
having a slightly metallic lustre. It is decomposed by hydro¬ 
chloric acid with formation of the disnlphide, which is a crystal¬ 
line, dark brown powder easily soluble in aqua regia, When 
heated in carbon dioxide it is first converted into the mono¬ 
sulphide, and at a higher temperature into the subeulphide. 

A safi of the formula (NH^jPdSjj.jHjO crystallises slowly 
in slender, yellowish-red needles when solutions of ammonium 
polysulphide and potassium palladioehhiride are mixed.* 

Sodium Palladiosulphite, Na t [Pd(SO,)J,2H s O, is obtained 
as a white, crystalline precipitate by adding caustic soda to a 

1 Pelreoko-KriWehenlM, 2eit rtaarp. Chm., 1883,4,247. 

* Hotaano and HSohtlen, Ber., 1904,87,246. 
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solution of the chloride which has beeu saturated iwith sulphur 
dioxide. The simple sulphite is not known. 

PaUadious Sulphate, PdS0 4 ,HjO, is obtained by dissolving 
the hydroxide in sulphuric acid, or by dissolving the metal ih ' 
the same solvent with the addition of nitric acid. It forms 
indistinct olive-green, deliquescent crystals which are decom¬ 
posed by water with formation of a basio salt, PdSO,,7Pd(OH) t , 
as a browrf insoluble powder. • 

Potassium PaUadionitrite, KJPd(NO a ) 4 ], is obtained on 
addition of potassium nitrite to a hot solution of potassium 
palladiochlonde as a pale yellow, crystalline powder, the pro¬ 
duction of which serves as a microchemical test for palladium. 1 
The simple nitrite iB not known. 

Numerous complex nitrites, sulphites, phosphates, and oxalates 
have also been described. 1 

PaUadious Nitrate, Pd{NOj)„ is formed by dissolving the 
metal or the oxide in nitric acid. It crystallises in long, browipsh- 
yellow, deliquescent, rhombic prisms which probably contain 
water of crystallisation. A brown powder, Pd(N0 3 )„3Pd{0H) 2 , 
is formed on the addition of water to the solution. 

PaUadious Cyanide, PdCy,, is obtained as a pale yellow 
precipitate on addition of mercuric cyanide solution to a solution 
of paUadious salt, which must contain no free acid and should 
pot be too dilute. On solution in potassium cyanide and evapora¬ 
tion, transparent, tbin, rhombic prisms of polamum palladio- 
cyanide, K a [PdG'y 4 |,3H,0, or small tablets containing lH a O arc 
obtained. The cyanide is also soluble in acids and in ammonia, 
and the latter solution yields needles or pearly scales of 
paUadothmmine cyanide, [Pd(NH,),Cy a ]. 

PaUadious Thiocyanate, Pd(SCy), is a reddish, flocculent 
precipitate, and dissolves in potassium thiocyanate solution, 
forming potassium palladiothiocyanate, KJTd(SCy),], which 
crystallises in rubv-red needles. 1 

Palladium Silidde. —When palladium and silicon are fused 
together they unite, and tho melting-point curve showB the 
formation of the compounds PdjSi and PdSi. By dissolving 
out the silicon with dilute potash from any alloy containing 

1 Poui-Ewot «rf‘0onqn«t, CompL mU. 1800, 180, 1078. 

* Rcaenhoim »nd Itiig, Zeil. anory. Ckem., 1900, 88, 26; Vena, Ball. floe. 
cJh*., 1899, [3}. ZL 172; Loiwlaur, ComjL mi, 1900,121.2S2; Finok, ibid., 
1390,128, «03. 

■ Belluoci, AUi B. Aeeai Uruti, 1904, [«1 IS, ii, 386. 
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more than 60% Si, the latter compound is obtained as bluish- 
grey fragments of specific gravity 7-31. 1 

Ammoniac*! Palladium Compounds. 

620 . These have been investigated chiefly by Hugo Midler,* 
apd arc formed by the action of ammonia on palladious salts, 

They appear to belong to two series: 

• ' 
Palladosammine compounds, [Pd(NH 3 ) 2 X 2 ], 
Palladodiammine compounds, [Pd(NH 3 )JX 2 , 

and arc analogous to the corresponding platinuin compounds, 
ifnstable hydroxylamine derivatives have also been prepared 
which probably belong to the same two series* 

An extended investigation of the palladosannuino salts in 
which ammonia is replaced by organic nitrogen bases has been 
carried out by Gutbier and his colleagues . 4 

Jn addition to these, pyridine derivatives of the type 
[Pd(Py} l Cl l )Clj, derived from tetravalent palladium, have been 
described* 

Palladosammine Hydroxide, [(OH) 2 (NIlj) 2 rd], is obtained by 
the decomposition of the sulphate with baryta water, or of the 
chloride with silver oxide and water. The yellow solution 
thus obtained, when dried over sulphuric arid, yields a crystal¬ 
line, ochre-yellow hums. The solution lias all the properties of 
a solution of an alkali hydroxide. 

Dichlorodiammne Palladium or PaUadosammine Ckoride, 
[CljfNHjJjPdJ, is obtained by the addition of an excess of 
ammonia to palladious chloride and either evaporating, or, 
better, precipitating the salt by means of hydrochloric acid. 
It forma fine, yellow needles, which consist of contiguous octahedra 
and is almost insoluble in water. 

Telramminepalladiout Hydroxide ot Palladodiammine Hydr¬ 
oxide, [(NHj) t Pd](OH) tl is obtained br the decomposition of 
the sulphate with baryta. It is a colourless, crystalline mass; 
its aqueous solution has a strong Alkaline reaction, precipitates 
the saltb of copper, iron, cobalt, nickel, and aluminium, but not 
those of silver, and decomposes ammoniacal salts. 

1 Lflbeao ind Jolibois, Conpt. rend., 1908,14& I OSS. 

1 AnMfen. 1853.88,341. , 

* ZeiwI and Now*!, Aenaltn, 1907,361, 439. 

* Btr., 1905, 88, *107, 3889; 1006, 39, SIB,-1292, 2716; Zeif. imorj. Ciera., 
1905, {7,23. Sts alto Kudin, J. Amo. Chtm. Sec., 1899,91, 943. 

* Rosenheim »nd Msas, Ztit. anwp. Chi «., 1896,18,331. 




DETECTION AND ESTIMATION OF^LLADIUM UM 

Teimmminepalladum Chloride or PaUadodiamnype Chloride, 
[(NHg^PdJClj, is formed by the repeated evaporation of pal- 
la dioua chloride with ammonia, It crystallises in large, colour¬ 
less, four-sided, monoclinic prisms easily soluble in water. 

* Vavqudin's salt, [PdlNHjJJCljiPdClj, is obtained by the 
aotion of a slight excess of ammonia on palladious chloride. 

• 

Detection and Estimation or Palladium. 

6xi. The two most characteristic reactions of palladium are (1) 
the precipitation of its hydrochloric acid solution by potassium 
cyanide, the yellowish-white palladium cyanide being throftn 
down, BoluUle in both hydrochloric acid and ammonia;.and (2) 
the prodnctlbn of a black precipitate of palladious iodide, in¬ 
soluble in hydrochloric acid, when potassium iodide or freshly 
precipitated silver iodide is added to a palladium solution. By 
these reactions it may be separated from all metals, with, the 
exception of copper, and this may be previously rehffived, 
according to Wiihler, by precipitation as cuprous thiocyanate, 
after saturation with sulphur dioxide. 

Palladium is estimated gravimetrically as the metal, obtained 
by the ignition of the cyanide or by the reduction of the salts 
with a hydrazine salt 1 in acid solution. 8 Palladium may be 
estimated also by precipitating with acetylene and igniting 
the precipitate, 8 and by weighing the metal deposited clectroly- 
tically with a rotating anode.* A very convenient method of 
estimating palladium, especially in the presence of nickel, is 
based on the fact that in acid solution it is quantitatively pre¬ 
cipitated by dimethyl glyoxime. The yellow-orange precipitate 
is filtered, washed, and ignited to the metal. On neutralising 
the filtrate, any nickel present is at once precipitated as the red 
glyoxime compound* Palladium may also be precipitated 
from acid solution by q-nitroso-^-naphthol in a similar manner 
to cobalt. The red precipitate is filtered, washed, and ignited 
to the metal. This method is particularly useful because the 
other platinum metals are not precipitated by this .reagent; 
moreover, owing to the intense red of the compound it affords 

1 Janntach and Bettgea, BS„ 1904, 37,2210. .> 

■ Jannaach and RnaWaky, Her., 19^4, 17, 2441 1 Paol'and Amborger, Ber. 
1908, 38, 1388. 

* Erdmann and Makowka, Ber., 1904,37,2094. 

* A ID berg, Zeit. EUktroehe ai.,.1904,18,380. 

' Wander and Thtninger, Am. Chin, anal, 1912,17,201. 
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a delicate test for palladium, even 0-001 gram per Ktre being 1 
easily diluted . 1 

Atomic Weight of Palladium. —Until the year 1889 the only 
determination of the atomic weight of palladium was that of 
Berzelius, who obtained the number 106 by the analysis 'of 
potassium patladiochloride. Since 1889 the atomic weight has 
been redetermined by several investigators, but the results 
vary considerably. Keisei s by the determination of the 
palladium in palladosammine chloride found the number 106-5, 
and by the same method, using very carefully purified material, 
Keiser and Breed 3 found the value 106-47. Bailey and Lamb , 4 
by the same method, found the number 105-7, and a value closely 
agreeing with this, 105-8, was obtained by Joly and Leidi 6 5 by 
the analysis of potassium palladiochloride. Keller and Smith 4 
from the electrolytic determination of the metal in pallados- 
amminc chloride obtained the much higher number 107-1. 
A ^high figure, 106-99, was also obtained by Hardin,’ 
who estimated the metal indiphenylpalladodiammonium chloride, 
Pd[NH,(C # H 4 )Cl] J , and the corresponding bromide, and in 
ammonium palladiobromide. On the other hand, Ainberg 8 
has obtained a lower number, 106-64, by the analysis of pal- 
ladosamminc chloride, the chlorine and the metal being both 
estimated. Shinn* reduced the double chloride of palladium 
and ammonium with formic acid, and found as the mean of 
nine experiments the figure 106-71. The most probable value 
is (1922) taken as 106-7. 

SUB-GROUP (c). THE PLATINUM GROUP. 

Osmium. Iridium. Platinum. 

622 These metals are distinguished by their high specifio 
gravity and melting point. Osmium a’.one forms a tetroxide, 
thus resembling ruthenium. 

The tendency to form complex salts is exceedingly strongly 
marked,' and with the exception of the sulphides and halogen 

1 Schmidt, fet'f. mtory. Chan., 1613,80, 335. 

* Sw. Chm. J., 1996, Uf396. 

• /W., 1884, 18, *0. ‘, Inn. Chm. Sac., 1882, 81, 748. 

‘ CmajK. mad, 1883, 118, 146. ‘ Ana. J. Sd„ 1882,4*423. 

' J. Ana. Chan. S<x.., 1988, 81. 843. • Xnaolea, 1808, Ml, 296. 

' J. Amtr. Chan. See., 1812, 14 1448. Compare Gutter, Hare, and 
liebhardt, J. pr. Chm., 1806,7% 187. 




osmium' 


US8 

derivatives, very few simple salts are known. &ich as are 
known have*the general forxnulte MR,, MR,, and MR,, corres¬ 
ponding to the basic oxides MO, M,0„ 2nd MO„ but the series 
MR, is scarcely represented among the* platinum compounds* 
The most important of the series of the oomplex salts are the 
halogen acids and their derivatives, such as KjPtCl^ K 3 IrCl 6 , 
and K,0a01^ the complex nitrites, such as K 3 It(N0,) 3 and 
K i Pt(N0,) 1 ^ the complex cyanides and thiocyanates, such .as 
K,Pt(CN ) 4 and KjPtfSCN)^ the sulphites, and above all the 
ammoniacal derivatives. 


^OSMIUM. Os" I90'9. At.N0.76. 

623 In 1863 Smithson Tennant investigated the metallic 
reaidue which remains when platinum ores are dissolved, and this 
he believed to contain a new metal. At the Bame time Descotils, 
as well as Fourcroy and Vauqnelin, came to the conclusion that 
the solution contained a peculiar metal. However, in r f&)4 
Tennant 1 proved that the platinum residues contained two new 
metals, to one of which he gave the name of iridium, on account 
of the varying colour of its salts, and to tho other the name 
osmium a smell), because of tho peculiar odour of its 

volatile oxide, Osmium is found in platinum ores as an alloy 
with iridium, known as osmiridium, which is described under 
iridium (p. 1438). It may be separated from the other members 
of the platinum group by means of its property of combining 
directly with oxygen .to form a very volatile tetroxide, 0 s 0 4 . 
This compound is obtained, rnoro or less pure, in the course 
of the pseparation of the other platinum metals, and especially 
of ruthenium (see p. 1389). The solution thus obtained may be 
precipitated with ammonia and ammonium sulphide, and the 
precipitated Bulphidc mixed with Bodium chloride, and heated 
in a slow current of chlopne. The mass when lixiviated yields 
sodium osmichloride, Na s OsCl 6 , and from this solution ammonium 
osmiohloride is thrown down by ammonium chloride. This is 
next washed with ammonium chloride solution, and then heated 
in a covered crucible, when spongy osmium is obtained. The 
sulphide may also be Bimfly heated in a well-covered carbon 
crucible to the temperature of the melting ‘point of nickel. 

Pure osmium was obtained by Seville and Debray,* by passing 
the vapour of the pure tetroxide mixed with carbon monoxide 

1 Pka. Front., 1804 , 94 , 411 . * Conpt. rend, 1876 , 82 , 1076 . 

vot. n. (n.) , ^9. 
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and carboy dioxide through a red hot porcelain tube. Thus 
prepared, the metal assumes the form of an amorphous powder, 
which is converted intA the crystalline variety when fused with 
from three to'four times its weight of tin in a charcoal crucible, 
the crystalline alloy treated with hydrochloric add, and the 
residue heated in a current of hydrogen chloride. 

'The crystalline form of osmium is either that of the cube or 
ota very obtuse rhombohedron. The crystals possess a bluish- 
white colour with violet lustre, are harder than glass, and possess 
a specific gravity of 22-477. Henoe osmium is the heaviest of 
known bodies, and is likewise one of the most infusible and 
Ifast volatile of the metals. The melting point of the metal is 
about 2500°; it may be distilled at the highest temperature of 
the electric furnace, but the volatilisation takes plifce much more 
slowly than that of the other platinum metals. 1 

Osmium undergoes oxidation somewhat readily When finely 
divided, being oxidised and volatilised when heated in air below 
215- and in oxygen between 166° and 170°. When strongly 
heated in air, oxidation of the compact metal also takes place; 
this operation is dangerous owing to the formation of the highly 
poisonous tetroxide. Deville was rendered almost blind for 
twenty-four hours by having accidentally become exposed to the 
vapour of the tetroxide. This substance produces violent pain 
and inflammation of the conjunctiva, and vision is permanently 
injured by reduction to a film of metallic osmium* 

In the finely divided state osmium possesses great catalytic 
activity. It causes oxygen and hydrogen to unite and is a 
valuable catalyst in the synthesis of ammonia from its element*. 1 
Many organic compounds can be oxidised by oxygen in the 
presence of the metal. 4 

Crystalline osmium is not attacked even by aqua regia, and 
must be brought into solution by fusion with sodium peroxide, 
caustic soda and potassium nitrate, ,pr barium peroxide and 
nitrate; the amorphous metal, on the other hand, is readily 
dissolved by fuming nitric acid, more slowly by aqua regia. 

On account of its high melting point, osmium has been em¬ 
ployed for the preparation of filaments of incandescent electric 
lamps, but the cost is^high and tungeten is now more generally 

1 Moiuan, Comp, tad., 190?, 142,189. 

1 Am. CK in. Pkyt., 1859 , [ 3 ], 56, 400 . 

• Haber and U Roeaignol, Zril. EUUmktm, 1913,19, 63. 

‘ Wiliattttor and Sonnenfald. Ber„ 1913, 48, 8952. 
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employed. The alloy osmiridium, or oerid, which is not attacked 
by acids, is' employed for tipping gold fonntairf pens, and, 
inasmuch as it is irnoxidisable and nonmagnetic, it has been 
used for compass- and watch-bearings, ‘ 0 , 

OollouM Omium .—The metal may be obtained in the colloidal 
condition by redncing potassium osmate with hydrarine hydrate 
in presence of BOdium lysalbate or protalbate 1 or gum arable,* 
and dialysing the product. This still contains oxygen, whicl^ is 
removed by heating in hydrogen at 30-40°, the residue being 
completely soluble in wateT. The colloid may also bo obtained 
by impregnifcing lanolin with potassium osmate solution and re¬ 
ducing the mass with hydrazine hydrate. This is then dissolved 
in light petSoleum and precipitated by alcohol. The colloidal 
osmium dioxide thus obtained is reduced by heating in a current 
of hydrogen at 80° to 60°. The colloidal metal then left is soluble 
in ether, lAnzenc, or light petroleum, and solutions containing as 
much as 21 per cent, of osmium may bo prepared in this way . 4 It 
effects the catalytic decomposition of hydrogen peroxide" ii'ibre 
rapidly than any of the other colloidal metals of this group, 
and actively decomposes formic acid to carbon monoxide and 
hydrogen . 1 Carbon monoxide and oxygen combine to form 
carbon dioxide when shaken with the sol, even at the ordinary 
temperature . 5 The colloid is more active than the finely divided 
metal in the oxidation of organic compounds . 5 

COMPOUNDS OF OSMIUM. 

Osmium and Oxstckn. 

624 The following oxides aro known : Osmium monoxide, OsO, 
osmium sesquioxide, OsjOj, osmium dioxide, OsO a , osmium 
tetroxide, ObO,. 

In addition to these, osmic acid, Hj0s 0 4 , and its salts are 
known, but the corresponding oxide has not been prepared. 

The first three of these oxides act as feeble basic oxides, but 
very few of their aalts have as yet been examined, oply the 
sulphite and chloride corresponding to the monoxide, and 

1 Paul and Ambergw, Ber., 1907, 40,1?U2,2201. 

* Gutbier mod Hofraeier, J. fr. Cim., 1900, [2], 71, 402. 

* Ambcrgoi, KoOcii Ztil, 1*16,17,47. 

1 Mullor and Sponwl Zeil. Slehtnchm., 1922, 28, 307. 

> l>a»l, Err.. 1916,40, 548. 

* Willflttttter and Sonnenield, ibid., 1914,47,2801. 



double chlorides of the formula 3M'd,0sCl J , corresponding to 
the aesquioiide, being known. The chloride, OsO* has, how¬ 
ever, been prepared alyng with double chlorides corresponding 
the derivatives of dhloroplatinio acid. OBmio acid forms a 
aeries of osmates with the alkali metals, whilst th? tetroxide 
yields a nentral solution in water, and fortbs salts with neither 
acids nor bases, though it yields compounds with the alkali 
hydroxides. c 

Osmium Monoxide, OsO, obtained by igniting the corres¬ 
ponding sulphite mixed with sodium carbonate in a current 
of carbon dioxide, is a greyish-black powder insoluble in acids. 

•■Osmium Sesjuioxide, Os,Oj, is a black powder, insoluble in 
acids, obtained by beating its salts with sodium carbonate in a 
current of carbon dioxide. Deville and Dcbray obtained this 
oxide in copper-red scales, together with the metal, by the 
reduction of the tetroxide. A brownish-red hydroxide is pre¬ 
cipitated by alkalis from solutions of the osmochlorides of 
th«.lkali metals. 

Osmium Dioxide, OsO a , is obtained from its salts in a similar 
way to the foregoing oxides. It is likewise formed when its 
hydroxide is heated in a current of carbon dioxide. It may 
also be prepared pure by heating osmism in a current of osmium 
tetroxide and nitrogen at about 660°. 1 Obtained in this way, 
it forms masses having a coppery lustre and specific gravity 7-71. 
On heating, it begins to decompose at about 500° into osmium 
and osmium tetroxide, but if it is heated in the vapour of the 
tetroxide the decomposition temperature js 660°. By heating 
at just below this temperature it is converted into copper-coloured 
crystal of specific gravity 7-91.* When mixed with the com¬ 
bustible suhetancee osmium dioxide deflagrates on heating. 

A hydrated osmium dioxide is obtained by hydrolysis of 
potassium or ammonium osmichloride with caustic potash: 

KjOsCl, + IHjO = 0 b 0 8 ,2H,0 -f- 2KC1 + 4HC1. 

The same substance is produced by the action of alcohol or other 
reducing agents on a solution of the tetroxide or alkali osmate, 

K,0s0 4 + 2H,0 + CjHj-OH = 

OsOj.29,0 + 2KOH -p CHj-CHO, 

or when potassium osmate is exposed to the sunlight or treated 
with nitric acid. Claus and Jacoby 8 regarded the black precipi- 
> Rofl and Bsthibiiig, *r„ 1*17,80, 04. • J.fr. Ohm., IMS, M, Oj. 
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tate obtained in this way as osmium tetroxide, Qs(OH)|, and 
Moraht and Wischin 1 as osmio acid, HjOsOj, i.e., OaO a ,H,0. 
Later investigation 1 shows that the substance is the dihydratq,of 
osmium dioxide, 0s0 tl 2H 2 0, which loses one molecule of watef 
at*100°, and the other at 200°, leaving the dioxide in a very finely 
divided and active state. It combines with hydrogen with 
almost explosive violence and reacts briskly with oxygen to 
form the-tetfoxide. When prepared by precipitation with alcohol 
or from impure ammonium osmichloride, it contains small quanti¬ 
ties of organic matter and is then liable to ignite, or, if wann, to 
detonate on exposure to air. 

The dioxide obtained in the above reactions is in the colloidal 
form and gives a solution which is black by reflected and 
blue by transmitted light. It is precipitated by electrolytes, but 
gives a colloidal solution again when washed free from them or 
when treated with alkali hydroxides or ammonia.* A more 
stable colloid is produced by reducing potassium osmatc _jgth 
hydrazine hydrate in the presence of lanolin as protective oolloid. 

Osmium Trioxide, OsO a , is unknown, and the corresponding 
osmic acid, H,0s0 4 , believed by Moraht and Wischin to be pro¬ 
duced in the manner just described, is also of doubtful in¬ 
dividuality. The corresponding salts, however, are a well 
defined class of substances known as the omates. 

Potassium Osrmle, K a 0s0 t ,2H,0, is obtained by the addition 
of alcohol or other reducing agents to the solution of the 
tetroxide in caustic potash. The liquid beoomes of a fine red 
colour, and, when sufficiently concentrated, the salt separates 
out as a crystalline powder. When slowly crystallised it forms 
octahedra which, according to their sizo, are of a garnet-red 
or almost black colour. They possess a sweet, astringent taste, 
and do not change on exposure to dry air, but both in solution 
and in moist air they decompose, especially on addition of an 
acid, with formation of tetroxide and lower oxides. 

The sodium salt crystallises less easily, and yields an aqueous 
solution having a rose-red colour, from which barium chloride 
precipitates BaOsO, as an amorphsus, green, UoccuISnt pre¬ 
cipitate slowly changing to lustrous, black, prismatic crystals. 

Osmium Tetroxide or feromic Anhydride (commonly called 

• ZtiU anorj. Che it., 1883, 8.153. 

' Bud and Bornemann, Zeit, mar}. Chan., 1D10, 85, 428; Ruff and 
Rathabiirg, he. (it. 

* Raff and RatUsburg, lx. til 
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oemic acid),',0s0 4 .—Very finely divided metallic osmium oxidises 
slowly at the ordinary temperature, and about 400° takes fire 
wi^h formation of the |bove oxide. The denser the metal the 
higher is the temperature needed for oxidation. Osmium 
tetroxide may be obtained also by heating the metal in a current 
of ^ steam, and by dissolving the lower oxides or the metal in 
nitric acid or aqua regia. These reagents, however, do not 
attack the metal after it has been strongly ignited. Osmium 
totroiide sublimes in transparent, glistening needles which 
become soft and may be moulded in the hand like wyx, and melt 
at 46°.* They begin to sublime at a very moderate heat, and 
the fused oxide boils at 100°, yielding a colourless vapour 
with a density of 8-89, which is slightly greater than tho 
calculated value. The crystals dissolve readily in water, forming 
a colourless liquid which possesses a cauBtic and burning taste, 
and does not redden litmus paper. Though it docs not give 
salts,, v its acidic properties are illustrated by the formation 
with alkalis of compounds such as 0s0 4 ,2K01I, 0s0 4 ,Rb0H, 
0 bO 4 ,CbOH, and 20sO„CsOH. These are crystalline bodies, orange 
or brown in colour. They are soluble in water and are strongly 
hydrolysed in solution. 8 Osmium tetroxido has a most powerful 
penetrating smell, somewhat analogous to that of chlorine and 
iodine. A very small quantity of vapour mixed with air attacks 
the lung?, giving rise to very serious inflammation of the mucous 
membrane. As an antidote to the effects of the tetroxide, Claus 
recommends the inhalation of sulphuretted hydrogen, which, 
however, must be cautiously employed. Osmium tetroxide also 
acta violently on the skin, causing a painful eruption which can 
be removed by the use of Bulphur baths. The vapour also acts, 
as has been stated, most violently on the eyes, and may produce 
most serious consequences. 1 

When heated on red hot charcoal it deflagrates like nitre. 
It is easily converted into lower oxides by reducing substances, 
and its alkaline solution when boiled with a salt of formic acid 
yields a blue precipitate. Sulphur dioxide colours the aqueous 
solution yellow, then brown, green, and at last indigo-blue. 

It is used in microscopic work for staining preparations and 
also for taking fingei prints, 4 the oxidd 1 being reduced to metallic 
osmium. » « 

> Rafl sad Tichifch, Btr., 1913, 48, 928. 

* TwhagaeT, Compl, rend., 1918,187,182. 

1 Devilla sod Defciay, Ann. Chim. Piyi., 1659, [SJ 58, 400; Comp I. raid., 
1874, JS. 1809. 

• Mitchell, Anafyef, 1920, 41, 125. 
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Osmium tetroxide acta as a catalyst in many oxidations. 
Thus, in the presence of a very- small quantity of tins substance, 
oxygen will oxidise methyl alcohol to fifrmaldehvde and formic 
acid, and ethyl alcohol to acetaldehyde a(id acetic 'acid. 1 Pot&v 1 
iiin chlorate which, alone, acte not at all, or only extremely 
slowly, in the presence of osmium tetroxide readily oxidises arsenic 
to arsenic acid, hypophosphorous acid to phosphoric acid, potass¬ 
ium formate to carbon dioxide, hydrazine sulphate quantitatively 
to nitrogen; and a number of organic substances are similarly 
oxidized. 1 The catalytic action of the tetroxide in these reactions 
is attributed to the formation of an additive compound with the 
chlorate. Osmium tetroxide also acte os a catalyst in reductions, 
and may bi employed in the same way as nickel (p. 1368) for 
the hydrogehation or hardening of oils. The tetroxide is then 
first reduced to the dioxide * and probably the metal .• 

Otmyl Salts. —When osmium tetroxide is treated with a suitable 
reducing agent in the presence of certain Balts, compounds 
containing the group ObO, are obtained having the fcelferal 
formula MyOsO,) X,.* 

Potassium Osmyl Nitrite, K,(OsO t ) (N0,)„ is prepared by 
reducing the tetroxidB with nitric oxide in the presence of 
potassium nitrite: • 

2KN0, + 0s0 4 +NO = K,(OsO,) (NO,),. 

The suit crystallises in orange-red prisms but is unstable, 
readily decomposing into the substances from which it was 
obtained. , 

Potassium Osmyl Chloride, K,(0s 0 2 )C1 4 , is obtained by treating 
potassium osmate with excess of hydrochloric acid and warming 
tbs solution: 

KjOsO, + 4HCL = K a (0a0,)Cl 4 + 2H,0. 

On rapidly cooling the solution the anhydrous salt crystallises out 
as red octahedra, but by Blowly cooling the solution the dihydrate 
may be obtained as pale brown, tiiclinic crystals. The salt is 
also obtained by the action of hydrochloric acid on osmyl nitrite. 

Many other potassium salts have been similarly prepared, 
and the corresponding Jprium and silver salts are obtained by 
double decomposition. 

‘ Hofmann, Ba., 1913,4& 3320; Hofmann, Ehrbart, and Sohneidor. ibid., 
1813,48,1057. 

* Lehmann, Ani. Phono., 1913, CSL 152. 

* Normal)n and Schick, ibid., 1914, 252, 208. 

* Winltabert, An*. Chin. «jr»., 1903, [7], 28. 16. 
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Ornyl Ozy-takt, having the general formula MyOeOjtX,, 
have also been obtained . 1 

Potostium Omyl Oxyuuriu, K J (OeO fi )(NO t )„ is prepared by 
the' action of a concentrated solution of potassium nitrite on 
osmium tetroride: 

3KNO, + OsOj = KjfOsOjXNO,), + KNO, 

or by the action of potaeeium hydroxide on the osmjl salt: 

K,(0s0 a )(N0 a ) 4 + 2K0H = K^OeO^.fNO,), + 2KNO, + H,0 

The salt crystallises in nearly black, monoclinio needies. 

llmmonium Omyl Oxychloride, (NH 4 ),(060,)C1„ ie made by 
the action of hydrochloric acid on the osmy] oxyrutrite: 

(NHJ.fOeO.XNO,), + 2HCI = (NH^OsOJO, + 2HNO,. 

It is a crystalline, yellow powder and with alkaline hydroxides 
yields the corresponding osmate and ammonia: 

(NjQosOjlCl, + 4KOH = KjOsO, - 1 - 2KC1 + 3H S 0 + 2NH,, 


Osmium asd the Haj.oqens. 

625 Otmiurn Teirafiuoride, OsF,.—By the action of fluorine on 
finely divided oeminm at 250°, the three fluorides are produced. 
At lower temperatures, or by using a less active specimen of the 
metal, the product is mainly tbo tetrafluoride. It has not been 
isolated in the pure state but its solution.in water lias been 
obtained . 1 

Omium Hemfiuoride, 0>F e , is obtained with the two other 
fluorides by treating the metal with fluorine. The octafluoride 
is removed (see below) and the hexafluoride obtained by heating 
at 50° nnder diminished pressure, when it sublimes and condenses 
as a light green, crystalline mass. Its boiling point is about 206°. 
It ia decomposed by water, giving osmium oxides and hydro¬ 
fluoric acid* 

Omiuv Ociafiuoridc, OsF f is obtained as already stated and 
is formed in greatest amount with an active metal preparation 
and with a rapid stream of fluorine. It ia isolated by evacuating 
the tube and collecting fh a receiver oooled with liquid air. It 
is a lemon-yellow, crystalline substance, melting at 34' 6 ° to a 

Wlntrebort, foe. cU. * Kulf and Twhirch, Btr., 191S, M. 029. 

• Ml, loo ott. 
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yeHowsh-red liquid. The vapour is colourless, hj* a peculiar 
odour, and vigorously attacks the mucous membraue of the nose 
and eyes. It begins to decompose at f25°, the decomposition 
. being appreciable at 400°. Osmium octaiiiuoride violently attacks 
organic substances. It dissolves in water, and is hydrolysed, 
the solution having the odour of the tetroxide and not of the 
octafluoride. 1 

Osmium •Diddoride, OsCl,, is obtained in very small amount 
by heating osmium in chlorine. It is better prepared by 
heating the trichloride, to BOO 0 under reduced pressure and 
oooling the *vapour.* It is a brownish-black powder which 
forma a dark, violet-colonred, unstable solution in water. 

Osmium ^Trichloride, OsCl 8 , is obtained admixed with the 
tetrachloride* by heating finely divided osmium in chlorine at 
1050° and rsfyidly cooling the vapour. It is prepared in the 
pure state by heating ammonium osmichloride in chlorine at 
360°, when a dark, crystalline sublimate of the trichloride is 
obtained* It is readily soluble in water. 

When osmio acid is boiled for a long time with concentrated 
hydrochloric acid and a little alcohol, a solution is obtained 
which on evaporation yields red crystals of the composition 
ObjCIjJHjO, which beedme olive-green in moist air* This 
appears to be a mixture of the tri- and tetra-chlorides, since, 
on addition of potassium chloride to the alooholic solution, 
potassium osmichloride, K,ObCI„ separates, and the filtrate on 
evaporation yields crystals of the trichloride, 0 sC1 3 ,3H,0. • 

Potassium OmocMoride or Chlorosmitc, K S 08C1 S ,3H 4 0, is 
obtained by adding ammonia to a solution of osmium tetroxide 
in caustic potash, and saturating the liquid, as soon as it has 
become yellow, with hydrochloric arid. On evaporation, the 
above salt separates out together with potassium and ammonium 
ohlorides. The latter can be readily separated mechanically. 
It forms dark red crystals which effloresce in the air and become 
pink. It dissolves in water, yielding a cherry-red coloured 
solution, possessing first a strong astringent and then a sickly 
sweetish taste. 

Ammonium Osmochloride, 2(NH,),OsCl „3H,0.—In order to 
prepare this salt, snlphumtted hydrogen,is passed into a hydro¬ 
chloric acid solution of the tejroxid^ until it has become red. 

' RuB and Tachirch, Ux. cil. 

* RuB and Bomcmann, tnii. onotj. Cim., 1910, SB. 429. 

1 Ibid., loo. oil. 

' Mor&ht and Wiachin, Ztil. aruxg. Cfcw*., 1893, S, 133. 
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The liquid is then evaporated with sal-ammoniac, wjien fine, red 
crystals are deposited resembling the potassium salt. 

Osmium TefracAforiAOeCI,, is obtained by heating the metal 
' in dry chlorine. It fofas a red sublimate which dissolves in 
water, yielding a yellow solution; and this on dilution with 
more water attains a green tint. On standing, the solution 
becomes colourless with separation of the lower oxides, whilst 
hydrochloric acid and osmium tetroxide remain in elution. A 
solution of osmium tetrachloride is obtained by dissolving the 
tetroxide in concentrated hydrochloric acid, though with more 
dilute acids it is reduced to the moDoxide or dioxihe. 1 

Potassium Osmichloriie or CKoromate, K s 0sCI t , is obtained 
by gently heating a mixture of the finely divided metal with 
potassium chloride in a current of chlorine, and also by evapor¬ 
ating the hydrochloric acid solution of tho tetroxide with 
potassium chloride. It crystallises in dark brown, glistening 
octahedra, which yield a cinnabar-red powder, and dissolve in 
water with a yellow colour. Alcohol precipitates the compound 
from this solution in the form of a red, crystalline powder. 

Sodium Omichloride, Na,0sCl„2H,0, is obtained in a similar 
way, and crystallises in long, orange-coloured prisms which are 
easily soluble in water and alcohol, ' 

Ammonium OsmcMoriie, (NH^OsCl,, is obtained by the 
addition of powdered ammonium chloride to a solution of the 
sodium Balt. It is then deposited as a red, crystalline powder, 
crystallising from dilute solution in brown octahedra. 

Another sodium osmium chloride has also been prepared. 
It has the composition Na,0BCl,„ 6NaCl,0sCl„ and has 
therefore been called sodium osmium hcmchloride. It is made 
by wanning sodium julphonosmato (p. 1434), in a current of 
hydrochloric acid gas. It forms lustrous, copper-coloured leaflets 
which cannot be crystallised without decomposition. The 
potassium salt is formed in a similar mwiner. 8 

Osmium and Bromine .—When osroic acid is boiled with 
hydrobromic acid and a little aloohol, and the solution evapor¬ 
ated, dark, brown, prismatic crystals of the composition 
Oij,Br„6H,0 are obtained, which are possibly a mixture of 
OsBr 3 and OuBr c . Osrpbromides haves also been prepared. 

Osmium and Iodine.—By thp action of boiling hydriodic 

> Remjr, J. jr. CW, 1920, [JJ,1Q1, 341; Milbacor, Mi., 1917, [2], 16 , 
187; KoB Mid Mugdao, Hid., 1918, [2], 98, 143. 

* Rwenhem: and Smerath, Ztil. anorj. Chan., 1889, S3,122. 




1433 


OSMIUM AND SULPHUR j 

t 

aoid on osnjic acid, violet-black crystal* are formed having a 
metallic lustre, the composition of which appears to be OsI 4 
{Moraht and Wischin). . When a solution of potassium iodide, 
strongly acidified with hydrochloric or jkosphoric acid, is ad (fed 
to* one of osmium tetroxide, a green substance of the composition 
OsIj^HI is formed. On addition of ether, the latter assumes 
a green colour even when only traces of osmium are present , 1 
and this mly be used as a test for the metal. Osmi-ioiides have 
also been prepared. 

• 

Osmium and Sulphur. 

626 Metric osmium burns when heated in sulphur vapour, 
and sulphuretted hydrogen throws down a dark yellow sulphide 
of osmium from the hydrochloric acid solution of the oxide. 
This is slightly soluble in water, giving rise to a dark yellow 
solution, and easily dissolves in nitric acid. 

Osmium THr a sulphide, OSS 4 , is thrown down as a'fcrown 
precipitate when sulphuretted hydrogen is passed through an 
aqueous solution of osmium tetroxide. It is insoluble in alkalis 
and the sulphides of the alkali metals. 

Osmium Oxgtulpkide, ©SjOjSj.HjO.— By the action of hydro¬ 
gen sulphide on the dry dihydrote of osmium dioxide (p. 1427), 
which they regarded as osmic acid, Moraht and Wischin 2 
obtained this compound. The reaction is very violent, much 
heat being evolved. The oxysulphide is a brown powder which 
is readily soluble in.acids with evolution of hydrogen sulphide. 
It is possible that water is not present os such in the molecule, 
and that the formula of tho substance is more correctly re¬ 
presented by OsjOjfSHJj. 

Osmium Sulphite, OaSO a . —In order to prepare this salt, sulphur 
dioxide is led into an aqueous solution of the peroxide, and 
sodium sulphate addejj to the blue liquid. The dark blue 
gelatinous precipitate, after washing, is dried and yields a 
powder which is unalterable in the air, and which on tritura¬ 
tion exhibits a metallic, silvery lustre. If the blue solution be 
treated with caustic potash a blackish-blue precipitate of hydr¬ 
oxide is obtained, whiqh on exposure to air absorbs oxygen 
as rapidly as ferrouB hydroxide. 

Osmium forms a laTge number of complex sulphites, which 
crystallise well and are stable substances. Sodium osmisulphile 

1 Alvarez, Chm. Kan, 1005, 91, 172. * feif. aturf. Chtm., ISM, 8,163 



14M 


raam rir 


N'a 8 f0s(S0,)-l,8H 1 0, is obtained by boiling a -solution o! 
sodinm osmichloride with concentrated sodium hydrogen sulphite, 
and crystallises in biiSwiiish-white prisms. Crystalline com¬ 
pounds hare been obtained in which one or more of the SO, 
groups are replaced by the groups Cl or H,0. The compound 
NaJ08 4 (SO,) 7 },24HjO is obtained as a dull-violet precipitate by 
the action of sodium hyposulphite on sodium osmichloride . 1 

Complex sulphites of a different series, known as the sulphon- 
osmales, are obtained by passing sulphur dioxide through a 
solution of osmium tctroxide, and then adding an alkali 
hydrogen sulphite. The sodium Balt has the composition 
.INsjO.ObOj.ISO^SHjO, its constitution being probably 
(0Na) 9 0B(S0^a) 4 l SH 2 0. It crystallises in bright brown needles, 
and is readily soluble in water at 50° to a reddish-brown solution, 
which soon decomposes to give a black oxide* 


• ' . Osmium and Nitrogen. 

6*7 Like the other metals of this sub-group, osmium forms 
oomplex derivatives with ammonia, but these have not as yet 
been fully investigated. It also forma complex nitrates, a 
peculiar acid termed osmiamic acid, OsNO,H, and derivatives 
containing nitrogen but free from hydrogen and cxygen termed 
the nitrilo-coinpounds, which are obtained by the action of acids 
on the osmiamates . 5 

Omosammine Hydroxide, Os[(NH,),(OH) t ], is obtained by 
dissolving the tetroxide in an excess of concentrated ammonia, 
and heating the reddish-yellow solution in a dosed vessel to 
50°, when a black precipitate is formed. The flask"is then 
opened and the solution evaporated at a low temperature 
until the excess of ammonia has been driven off. The base 
is thus obtained in the form of a blackish-brown powder, which 
when heated decomposes with rapid {volution of gas. With 
acids it forms amorphous salt*. 

Otmyldiammine Chloride, OsO,(NHJ 4 C1„ is obtained by the 
addition of ammonium chloride to a solution of potassium 
oBmate, and forms a yellow, crystalline precipitate easily soluble 
in water, the solution won undergoing .decomposition . 4 

< 8a0er, hit. taorj. Ghm., 1921,1166209. 

■ fOwnhoim ud tanntli, Zell. our;. Chm , 1999, 21,122; 1900,24,420. 

* Sae Womerud Dinklago, Err., 1900,38, 499; HriM.nl, Ann. Chin. ?Aj«., 
1900, [7], a, 311. 

< See aim Wolcott Qilibi, Amtr. 1. Sci., I8J3. », 233. 
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Omiamic Acid, OsNOjH.—Osmiamatee are formed by the 
action of ammonia on tbe tetroxide, especially in^ftie presence 
of potash, the potassium salt being more^table than tbe ammon¬ 
ium compound. It was at first suppofxl 1 that this substassp 
bad tbe formula KjNjOsjO,, but Joly* has shown that the 
true-formula is KNOsO„ its formation being represented by 
the equation: 

<5sO t + KOH -f NH, = KNOsO, + 211,0. 

. The acid Jtas the constitution 3 t * 10 80 * ts 


derived from the tautomeric form 


Tho free acid is obtained by decomposing the barium salt witli 
dilute sulphuric acid, or the silver salt with hydrochloric acid. 
The light yellow solution remains in tho dilute state without 
change for some time. In tho concentrated condition, hajrever, 
it decomposes to give a gas and a brown powder. 

PoUunxm OsmiamaU, KNOsO,, fonns orange-yellow 
tetragonal pyramids, which dissolve slowly in cold, and more 
readily in hot water, %nd on crystallisation become dark- 
coloured, owipg to partial decomposition. It decomposes when 
heated, with loss of nitrogen. Crystalline salts of sodium, 
barium, and silver are also known. 

Osmium NiirUe, Oa(NO,)„ is prepared from barium osminitritc 
by precipitating the barium exactly with sulphuric acid, and 
evaporating the resulting solution of osminitrous acid. It forme 
a deep .brown powder. 

The double mtrites with the alkali metale and those of the 
alkaline earths, and of magnesium and sine, crystallise well, and 
are soluble iu water. 4 Sodium osminitrile, Na20s(N0,) t ,2H,0, 
crystal lists in orange-yellow paralictopipeds, and the remaining 
osminitrites form similSr crystals, the colour of which varies 
from pale to full orange-yellow. 

1 Vrituoho sod Strive, Ptlaib. Afad. flail., 18IS3, 8, 81.* 

* Compt. read., 1891, 118, 1*42. 

* Wflraer and DLoklxgo, Ber., 1900, 39, *99. 

* Wintnbert, Comfy, rtad., 1909,140. 989. 
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Osmium and Carbon. 

6*8 Osmium forms L series of osnjocyanidea, derived from 
divalent osmium, whiclt correspond closely in composition and 
in tbeir properties to the ferrocyanidcs. The most important 
of these compounds are the following: 

Oamocyanic Acid, H 4 [OsCy ( ], is deposited in the form of 
white scales on the addition of fuming hydrochloric acid to 
a solution of the potassium salt. These are easily soluble in 
alcohol, and crystallise out from the alcoholic solution on the 
addition of ether in colourless, glistening, transparent, hexagonal 
prisma. Its aqueous solution has an acid reaction, and from 
it a substance of the empirical formula OsCy, separates out 
as a dark violet precipitate, which, is however,' probably a 
complex osmium osmocyanide. 

Potassium Osmocyanide, K 1 l0sCyJ,3H ! 0, is obtained by 
adding potassium cyanide to an alkaline solution of osmium 
tetroiiuu, evaporating the filtered solution, and heating the 
residue. It crystallises from hot water, in which it is easily 
soluble, in yellow, tetragonal tablets; these when heated give off 
water and become colourless. Its solution yields a light blno 
precipitate with ferrous salts, which 'becomes darker coloured 
on exposure to air; when treated with nitric arid, it is con¬ 
verted into a fine, violet-coloured powder, which is also obtained 
by precipitating the potassium salt with ferric chloride. After 
drying, this forms a fragile mass haring a copper-red colour, and 
when boiled with caustic potash it yields ferric hydroxide and 
potassium osmocyanide. 

Barium Osmocyanide, Ba^OsCy^SHgO, is formed when the 
iron precipitate is boiled with baryta. It crystallises in Bmall, 
yellowish-red, transparent, rhombic prisms, which are readily 
soluble in water and alcohol. 

Potassium Barium Osmocyanide, KjPafOsCyJ.SHgO, is ob¬ 
tained by mixing hot solutions of the potassium and barium 
salts. On cooling, small, yellow, oblique xhombohedra are de¬ 
posited, -which are sparingly soluble in cold water. 


Detection ira Estimation o? Osmium. 

I 

629 The presence of this metal may be most easily detected 
by the formation of the volatile strongly-smelling tetioxide. 
Solutions' containing osmium as tetroxide or osmichloride, when 
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wanned with excess of thiocarbamide and a few drops of hydro¬ 
chloric acid, give a deep red or rose coloration, anyone part in 
a hundred thousand may be thus detected. 1 Sulphuretted 
hydrogen throws down a precipitate o|the sulphide insoluble 
in* ammonium sulphide. If a solution contain a mixture of 
the platinum metaUJ and other metals precipitable by sulphur¬ 
etted hydrogen, this gas is passed into the hot solution so long 
as a precipitate is formed, This is then washed and warnjed 
with yellow ammonium sulphide, when platinum, iridium, gold, 
etc., dissolve. The filtrate is then acidified with hydrochloric 
acid, the precipitate fused with sodium carbonate and sodium 
nitrate, and the fused mass lixiviated with water, the residbu 
being treated according to the method described under 
platinum. In this way the iridium is obtained together with 
platinum and gold, and these may be readily separated. The 
portion insoluble in ammonium sulphide is then fused with 
caustic potash and potassium chlorate, and treated with water 
in order to dissolve the potassium salts of ruthenic amfostnic 
acids. The solution is carefully neutralised with nitric acid in 
order to separate the black oxide of ruthenium, and the filtrate 
distilled with nitric acid, when the volatile osmium tetroxide 
passes over. The residua insoluble in water is gently ignited in 
a current of hydrogen, and treated with dilute nitric acid, when 
palladium and rhodium remain behind, and these arc separated 
by aqua Tegia, in which the latter metal is insoluble. 

Osmium is usually estimated quantitatively as the metal. It 
is separated from qfher metals as the volatile tetroxide, the 
vapours of which, in order to avoid loss, are passed into caustic 
potash (* alcohol is added to the distillate in order to form 
potassium osmate, and the solution then treated with am¬ 
monium chloride and the precipitated osmyldiammine chloride 
ignited in hydrogen, when the metal is obtained. 

Osmium tetroxide n^y also bo estimated by adding dilute 
sulphuric acid and potassium iodide to ita aqueous solution, 
and titrating the liberated iodine. One molecule of osmium tetr- 
' oxide liberates four atoms of iodine.* t > 

The Atomic Weigh* of osmium was determined by Berzelius 
■•in 1828, in a similar wa* to that of platinum, and he obtained 
the number 198-9, whilst Frimy,* in by converting the 

1 Taohogsev, Ctmpt. rend., 1814,187, 235. 

* Klobhio, Joan. Chen. Soc., 1899, 78,11.184. 

» Arm. Chim. Piyi., 1844, [31 lg, 514. 
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metal into the tetroxide, obtained the number 199-th According 
to these determinations, the atomic weight of osmium appeared 
to be greater than th&f of iridium, whereas the analogies of the 
inttal with ruthenium seemed to indicate that it should precede 
iridium in the periodic system, just as ruthenium precedes 
rhodium. In 1888 Seubert 1 redetermined the atomic weight 
by analysing pure potassium and ammonium osmichloridas 
and obtained the number 191-4, whilst in 1691, from a later 1 
and more concordant series of experiments, be obtained the still 
lower number 1900. The value now (1922) adopted is 190-9. 


IRIDIUM. It->93-1. At.N0.77. 

*430 The history of the discovery of this metal has already 
been described under osmium. 

Iridium is found in the platinum ores in considerable quantity 
in tho form of the alloya platiniridium and osmiridium. The 
first tA these occurs in grains, and often in small cubes with 
rounded edges; the second usually in flat, irregular grains, and 
occaaionaDy in hexagonal prisms. The composition of these 
minerals is shown in the following analyses: 




BIDICM. 


OflUSlDlCH. 



Pisruii 




Ur*j. 

HraiLl. 

Oral*. 

New 

Crtiud*. 

Ull- 

lomi». 

Austra¬ 

lia. 

Iridium . . 

r 76-85 

27-79 

55-24 

57-80 

53-50 

, 58-13 

■ Osmium . . 

— 


27-23 

35-10 

43-40 

'33-46 

| Platinum 

19-64 

55-44 

.10-08 

— 


— 

Rhodium 

— 

6-86 

1-51 

0-63 

2-60 

3-04 ; 

Ruthenium . 


— 

5-86 

6-37 

0-50 

5-22 - 

Palladium . 

0-89 

0-49 

trace 

— 

... 

— 

I Iron . . . 

— 

4-14 

trace 

0-10 

— 

— 

j Copper .. . 

i 

1-78 

3-10 

trace 

0-06 

— 

0-15 

99-16 

97-82 

— 

99-91 

100-06 

100-00 

100-00- j. 


’ Iridium is usually prepared Horn the alloys described above 
which are left behind when platinum ores are treated with 
‘ Btr., 1888 ,0.1838. ■ Anufea, 1IM, ML 867,. 
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aqua regia. . One-of the most efficacious of the many methods 1 
which have'been proposed for the extraction of .the metal is 
that employed by Devi lie and Debray J in the production of the 
pure iridium required for the standard metre baiB of platinum; 
iridium prepared for the International Commission on the 
Metric System. The oamiridium is fused with zinc, and heated 
until all the zino evaporates, the porous residue being then 
powdered %nd ignited with barium nitrate, which converts 
the iridium into oxide and the osmium into barium osmate. 
The residue after extraction with water is boiled with nitric 
acid, which brings the iridium into solution, whilst the osmium 
is volatilised in the form of tetroxide. The iridium oxide is 
precipitated •from the residual solution by baryta, dissolved in 
aqua regia, and then thrown down as the double chloride ef 
iridium and ammonium. This, on ignition, yields spongy 
iridium, containing small quantities of platinum, ruthenium, 
and a little rhodium. The metal is then ignited with potass¬ 
ium nitrate, and the mass treated with water, when pokaeium 
ruthenate dissolves. It is lastly fused with lead, the rcgulus 
obtained leaving, after treatment with nitric add and aqua 
regia, a residue of pure iridium. 

Another method frequently employed is to mix the " osrid ’’ 
with sodium chloride and heat to redness in an atmosphere of 
chlorine. The metals are then converted into chlorides, and the 
osmium chloride, being volatile, is expelled. The mixed chlorides 
are then dissolved in water, the solution treated with chlorine 
and hydrochloric acid and excess of potassium chloride added. 
A precipitate of the double chlorides of potassium and platinum, 
iridium,,and ruthenium ia produced, which is filtered off and 
boiled with water. Hydrogen is then passed through the solution 
when platinum and ruthenium arb precipitated and the solution 
becomes green. The solution is decanted from the precipitate 
and hydrogen again passed through, when the iridium slowly 
separates out as bright lustrous, thin la min g. 

After osmium, iridium is the most difficultly fusible and least 
volatile of the platinum metals, but it may be fused and volatilised 
in the electric furnace; the melting point is 2300°. The molten 
metal dissolves carbon, whjph separates out on cooling as graphite. 
It possesses a white lustre, resembling thA of polished steel. In 

1 Wahler, Pogj. 1833,81.161; CUns. Xnnafes, 1858,107, 184; Gibbs, 
Amtr. J. Sei., 1891, [21 81, 70; lUtthey, Pnc. Roy. Boc., 1879, g& 483. 

* Omyl. rad., 187*. 78, 1502. 
vol. n. (u.) 
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the cold it_ is very brittle, but at a white heat it is somewhat 
malleable. '■The specific gravity of the fused metal is 21-18, 
whilst that of the crystallised metal is 22-4. 
r 'If the alcoholic solution of the sulphate be exposed to sunlight 
the metal is deposited as an impalpable, black powder, which, 
when washed with hot water and dried, acts even more energetic¬ 
ally in bringing about the combination of combustible gases than 
does platinum black. The smallest trace brought,on to paper 
saturated with alcohol produces ignition, the metal at the same 
time being converted into a grey sponge. 

Spongy iridium is prepared by igniting the double chloride 
ol iridium and ammonium. It absorbs hydrogen, the absorption 
being a minimum at 0° with falling temperature and a maximum 
at 20° with rising temperature. The hydrogen is easily expelled 
by a slight increase in temperature, but the last traces are removed 
oply by strong heating. 1 The spongy metal oxidises when 
boated in the air, and when ignited becomes dense and lustrous, 
and tuJa absorbs oxygen only slowly, whilst the coherent metal 
does nob do so at all. 

A very active metal is produced when iridium foil is subjected 
to long-continued cathodic pulverisation in a vacuum, the surface 
becoming dull and brittle. It absorbs 800 times its own Volume 
of hydrogen at the ordinary temperature. 1 1 expin des electrolytic 
gas and forms an amalgam with mercury which is completely 
soluble in aqua regia. 1 

Iridium black, is well as the coherent metal when alloyed with 
much platinum, dissolves in aqua regia. Jure massive iridium 
is, however, not attacked. When it is heated with acid potassium 
sulphate, or in presence of fused alkalis, it ib oxidised, and it 
unites directly with chlorine at a dull red heat. When the metal 
is held in the middle of a flame of alcohol it becomes covered with 
a black, moss-like deposit, which has the composition IrC 4 , and 
easily takes fire on exposure to the air. The metal is in this 
case penetrated throughout its mass with carbon, and becomes 
of a dark grey colour. The oxides also are converted into the 
carbide of iridium, with evolution of light and heat, when they 
are heated in gases or vapours containing carbon. 

Owing to its brittleness it is very .difficult to roll it into foil 
or draw it out into' wire. These difficulties, however, have 
been overcome, and the* metal is employed for the manufacture 
of scientific apparatus. 

* Gutter, OtteuMn, md Wain, B»., ISIS, 88, [BJ, 1886. 

, ‘ Bother, ftr. X. SatU. Ou. Witt. 1UaA.-Pkgi. Kl, 181!. M,». 
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Iridium is. sometimes used for pointing gold pens, and is first 
heated with phosphorus, which renders it more fuafcle and easy 
to work. The phosphorus is afterwards removed by heating 
the mass in a lime crucible. • 

It forms an alloy with 9 parts of platinum, which is extremely 
hard, as elastic as steel, perfectly unalterable in the air, nod 
capable of taking an exceedingly fine polish. This alloy has 
been employed in the production of standard metre bam and 
for electrodes to be used in corrosive liquids. A similar alloy 
is used for the wires of high temperature pyrometers. 

Colloidal Pridium may be prepared by sparking between iridium 
electrodes under cold water (Bredig’s method). It is also 
obtained by^he reduction of iridium salts with hydrazine hydrate 
in presence Of sodium protalbate or lysalbate 1 or gum arabic 2 
as protective colloids, or by reducing colloidal solutions of the 
tetrahydroxide with hydrogen, sodium formate, or formalde¬ 
hyde.® The colour of the solution varies from red to black. 
It possesses considerable catalytic activity. Carbdfi 'mon¬ 
oxide and oxygen combine when shaken with the solution at 
the ordinary temperature. 4 The decomposition of hydrogen 
peroxide is catalytically accelerated, but not so greatly as by 
colloidal platinum. The'catalyst is “ poisoned ” by hydrogen 
sulphide, merturic chloride, and potassium cyanide. 6 


COMPOUNDS OF IRIDIUM. 

631 Iridium formstwo basic oxides, the sesquioxide, Ir,O s , and 
the dioxide, IrO„ and two corresponding series of Balts, tl)0 
sesqui-s&lts, of the general formula IrB' a and the iridic salts 
IrR’ 4 , The halogen compounds form double salts with the 
corresponding alkali compounds, which must be looked upon as 
alkali salts of complex acids. Compounds in which the metal 
is divalent are also known, but have only been slightly investi¬ 
gated. Like the other members of this group, iridium forms 
numerous complex derivatives, the chief of which are the halogen 
derivatives just mentioned, the double cyanides, andlhe am- 
moniacal derivativea. 

1 Paaland Ambergar, atr., 1005, 88, IMS," 1907.40.1392, 2201. 

‘ Gutbler and Hofnietor. J. ff. fotm., IgQp, [2], 71,358. 

• Paal, Biebler, and 8(*jer, Btr., 1917,80, 722. 

1 Paal, Btr., 1910, 49, 548. 

> Bnwaa, Zal. fAgtikal dm., 1909, M. 162. 
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Iridium and Oxygen. 

633 Iridium SetguiMie, Ir,O s , is, formed when potassium 
•rffliohloride, ‘KjIiClj.fia mixed with sodium carbonate and 
heated to dull redness: ’ 

SKjIrClj -f 4Na,C0j = Ir.O, + 8 NaCl + 4KC1 + 4C0 t + 0. 

The fused mass is washed with water containing' ammonium 
chloride, and the residue, after ignition to expel the ammonium 
chloride, is treated with dilute add in order to remove the small 
quantity of alkali. It is also obtained impure by mixing air-free 
solutions of potassium hydroxide and sodium iridiochloride, 
NsjItCI 6 , evaporating to dryness, and heating the residue to 
reduess in a current of carbon dioxide . 1 

Iridium sesquioxide is a bluish-black powder which, is decom¬ 
posed by heat. At 400°, it is converted into a mixture of the 
raeta^ and the dioxide, a little oxygen also being lost at this 
temperature . 1 It evolves oxygen rapidly at 1139°, leaving 
metallio iridium.* 

Iridium sesquioxide is readily reduced by hydrogen. In the pure 
state it imparts to porcelain after filing a fine black colour, and 
with zinc oxide it yields a grey tint. 

Indium Trihydroxide, Ir(OH)„ is obtained tiy a process 
similar to that employed for the preparation of the corresponding 
rhodium compound (p. 1402), which it closely resembles. It 
forms a yellowish-green precipitate which readily dissolves in 
alkalis and oxidises quickly in the air. 

Iridium Dioxide, IrO„ is a black powder obtained by besting 
the hydroxide in a current of carbon dioxide. It is also' formed 
when the metal is heated to bright redness in the air, s or in 
oxygen, the best temperature for its formation being 1070°. 
On heating, it decomposes into the metal and oxygen . 4 It is 
insoluble in acids. 

Iridium Tdrahydroxide , Ir(0H)„ is formed by the oxidation 
of the trihydroxide in the air, or by precipitating the tetra¬ 
chloride* with an alkali, as well as by boiling potassium iridate 
with ammonium chloride. It is a heavy, indigo-blue powder 
which is almost insoluble in dilute s&lphuric and nitric acids, 

1 WSMm »od Wiumuin, Ztii. nor}. Cins., 1908, 57, 323. 

* Detillo wd Debrmy, Comft, rad* 1878,97. Ml. 

* fewnluiner. lid., 1890,110, 8M. 

* Wshhr mod Wi timnin , ZaL SttbnAm., 1908,14,97. 




SALTS 07 IBIDIUM 


1443 


but dissolver completely, though .slowly, in hydrochloric acid. 
Its solubility, howeveT, appears to depend on the method of 
preparation . 1 On heating the indigo-bfie solution it becomes 
green and then brown. * 

Iridium tetrahydroxidc has also been obtained in the colloidal 
form. On the addition of potassium hydroxide to potassium 
iridichloride in the cold, a violet, colloidal solution of the tetra- 
hydroride iS obtained which turns blue on besting. 1 If iridifim 
chloride is added to sodium protalbate or lysalbate, an olive- 
green or rust-brown precipitate of the protalbate or lysalbate is 
obtained, the colour depending on tho acidity of the solution, and 
on dissolving this precipitate in sodium hydroxide or carbonate, 
blood-red hydrosols of iridium trihydratc are obtained, which, 
in the presence of excess of sodium hydroxide, are oxidised, 
giving blup hydrosols of the tetrahydroxide. 1 

Potassium Iridate is obtained as a partially soluble bluish 
mass when iridium U ignited with potassium nitrate. Its 
composition is not definitely known. 

Salts or Iridicm. 

633 Iridium Mmochloriie, IrCl, is obtained by heating the 
dichloride in chlorine between 773° and 798°. It forms copper-red 
crystals of specific gravity 10-18. It is insoluble in bases and 
acids, including even concentrated sulphuric acid. 4 

Iridium Dichloride or Iridious Chloride, IiCI 2 , is formed as 
a brown, crystalline substance by heating the trichloride in 
ohlorine between 763° and 773°. Above this temperature, it 
further decomposes into the monocbloride. 6 It has been stated 
to be formed as a green mass when chlorine is passed over spongy 
iridium at a red heat. Like the monochloride, it is insoluble 
in bases and acids. 

Iridium Trichloride, lrCl s , is best prepared by beating tho 
reduced metal in chlorine at 600”.* It is stable in chlorine from 
below 100° to 763°, when it decompose# into the dichloride, which, 
in turn, is stable up to 773°, when the monochloride is- formed. 
The trichloride is also obtained by heating one of its double salts 
with sulphuric acid. Iftthe mass be then thrown into water, 

1 See eUo Joly »nd Leidii, Crmpt. Mini., 1895, ISO, 1841. 

» Wohler ifld Wittmann. ZtiL EUUricBtm., 1908, 57,323. 

* Pul, Eiehler, sad Stayer, Be., 1917, 50, 722. 

4 Wfihler sad Streioher, Btr., 1913,48.1877. 

■ n rii, toe. at. * Wi*. toe. til. 
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tile chloride separates oat as a light olive-greer precipitate 
containing water and hydrochloric acid, and may be obtained 
almost anhydrous by Seating at 200 ’, to 600° in a current o£ 
' hydrochloric acid. 1 Ittaay also be prepared by heating ammo¬ 
nium iridichloride in chlorine at 440°.* A solution of the tri¬ 
chloride is obtained by treating the hydrochloric acid solution 
of‘the tetrahy dioxide with sulphur dioxide until it has become 
green. Iridium trichloride is an olive-green, crystalline substance 
which is insoluble in acids and bases. It forms complex deriv¬ 
atives with the chlorides of phosphorus and arsenic,* 

Potassium IridioMoride or Chloririditc, KjIrCl,,3'fl,0, is best 
obtained from the corresponding iridichloride by heating it 
with sulphuretted hydrogen, and adding potassium chloride to 
the olive-green solution. It forms very soluble, green, rhombic 
prisms which effloresce readily. The monohydrate, isomorphous 
with the corresponding rhodium compound, is obtained by the 
action of hydrochloric add on potassium iridium oxalate as 
.grecmsH-brown crystals.* The Bodinm and ammonium salt* 
are similar compounds of the formulse Na^rCl ,,1211,0 and 
(NH 4 ) s IrCl„H J 0. 

Iridium Tetrachloride or Iridic Chloride , IrCl,, is obtained 
by dissolving the finely divided metal’in aqua regia, or by the 
solution of iridium tetrahydroxide in hydrochloric acid. When 
the solution is evaporated at a temperature not above 40°, a black 
mass is obtained which appears red in thin films, and contains 
a small quantity of trichloride. The tetrachloride is stable 
only below 100°, and is formed by the action of chlorine on the 
metal below this temperature, but the reaction is extremely 
slow, even with liquid chlorine.* The hydrochloric acid solution 
probably contains iridicMoric acid, H,IrCl„ corresponding to 
the following compounds. 

Potassium Iridichloride or Chloriridale, K,IrCI„ is obtained by 
the addition of potassium chloride to the above hydrochloric acid 
solution. On evaporation, small, blaekiah-red, regular octahedra, 
isomorphous with the corresponding platinum compounds, are 
deposited. These are slightly soluble in cold, and more readily 
in hot water, but do not diasolve in a saturated solution of an 
alkali chloride or in alcqhoL ** 

1 DeUpine, Cmp'.nsi.. 19)1,1*8, Mi. 

• Antony, Gas., 1893, 83, i, 1*4. 

’ Ceijenhrinrer, Comft. rend., 1800, 110, 1004, 1339. 

* Dnfionr, Hid., lilt, 1U, 2S2. 

1 Wohler and Streicbsr, Her., 1913, 48 , 1577. 
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Sodium Indic&oride, NajItCl a ,6H a O, is readily soluble in water 
and crystallises in almost black tablets or prisma, Which are iso- 
moiphous with tbe corresponding platinum compound. 

Ammonium Iridichloride, (NHJjIrCl*, is obtained by precipi¬ 
tating tbe acid solution of the chloride by ammonium chloride. 
It is a dark cherry-red powder, consisting of small, blackish-red 
octahedra, iaomorphous with the corresponding platinum com¬ 
pound, If is considerably more soluble than the platinum qalt. 
One hundred parts of water dissolve 0566 part of the salt at 
0°, and 4-381 parts at I00 8 . 1 

Iridichlondes of metal-complex bases have also been prepared, 
*•?■! [CofNHjJJj, [IrClJj. 1 

Iridium Tribromide, IrBr 3 ,4H,0.—When the blue hydroxido 
is dissolved*in hydrobromic acid, s blue liquid is obtained which 
loses bromine on evaporation and deposits small, light olivo- 
green, six-sided crystals, having the above composition. They 
dissolve readily in water, but are not soluble in alcohol, and lose 
their water of crystallisation at 100°. From the moA„.-liquor 
of this salt steel-grey needles of iridiobromic acid, H s IrBr a ,3H a (J, 
are deposited, having a metallic lustre by reflected light. These 
lose water at 100° and are converted into a brownish-red mass 
easily soluble in watef or alcohol. The solution decomposes 
carbonates Aith formation of iridiobromidcs. 

Potassium Iridiobromide, K 3 IrBr„3H,0, forma long, olive- 
green, lustrous, efflorescent, four-sided needles, becoming light 
green and opaque. They dissolve readily in water. 

Ammonium Iridiobromide , 2(NII 4 )jIrBr ( ,3H t O, is obtained by 
reducing the corresponding iridibromide with sulphur dioxide 
and neutralising with ammonium carbonate. It crystallises in 
dark olive-green prisms, and is iaomorphous with the correspond¬ 
ing rhodium salt, with which it crystallises in all proportions. 

Iridium Tetrabromide, or Iridic Bromide, IrBr 4 .—The blue 
hydroxide dissolves is hydrobromic acid, giving rise probably 
to iridibromic acid, H a IrBr a . This on evaporation with nitrio 
acid leaves a blue, deliquescent, crystalline maa3. It forms, 
with other bromides, well crystallised iridibromide*, such as 
KjIrBr,, which crystallises in opaque, lustrous, blackish-blue, 
regular octahedra. » 

Iridium Tetriodide, or Iridif Iodide, frl 4 , is obtained by boiling 

» 

> Archibald and Kem, Train. Roy. Sot. Canada, 1917-1S, [3], II, 7. See 
alto Rimbach and Korten, Ztil. awry. Chtm., 1907,52, 408. 

> Beneath, Bucher, and Eckstein, Ztil, awry. Chtm., 1922,121, 347. 
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the hydrochloric add solution of the chloride with potassim 
iodide. It forma a black powder, which yields, with the iodide 
of the alkali metals, well Crystallised double compounds posseeainj 
a-riiby-red colour. f> 

Iridium Monosulphide, IrS.—The metal burns when ignited 
in sulphur vapour, giving rise to this compound, which resembles 
galena in its appearance. 

Iridium Sesquitulphide, Ir,Sj, is precipitated when sulphur¬ 
etted hydrogen is passed into a solution of a salt of iridium 
seequioade. It is a brown powder, somewhat soluble in water, 
and slightly so in potassium sulphide and nitric add.' 

iridium Ammonium Penladecasulphide, (NH,)jIr^, 4 , crystal¬ 
lises in large, brown, tetragonal octahedra. 1 

Iridium Disulphide, IrSj, is formed when the powdered metal 
is heated with sulphur and sodium carbonate, and is formed by 
the.action of sulphuretted hydrogen on lithium iridichlorido at 
4°. It is a brown powder, insoluble in nitric acid, and decom¬ 
poses afjoO 0 into its elements.* 

lridious Sulphile has not been prepared, but several double 
salts with sodium sulphite, such as IrSO t ,3Na J 8O„10H 1 O and 
IrHjfSOjIj.SNajSOj.iHjO, We been described by Seubert,* who 
obtained them during the separation of iridium from rhodium 
according to Bunsen’s method. 

Iridium Seiquwdphile, IrjfS0,)3,6H,0, is obtained when the 
hydroxide suspended in water is treated for some timo with 
sulphur dioxide. This compound is found in solution whilst a 
brown, basic salt remains undissolved. The solution is then 
evaporated, when the normal sulphite separates out in the 
form of a yellow, crystalline precipitate which is scarcely soluble 
in water but dissolve* readily in dilute acids. It also forms a 
number of double salts. 

Iridium SesquMphate, crystallises out when 

a solution of the trihjdioxide in sulphum arid is evaporated in 
absence of air. It combines with the sulphates of the alkali 
metals, ammonium and thallium, forming a series of alums 
having thv general formula, M I f SO 4 ,Ir,(SO 1 ) l ,24H t 0, which all 
crystallise in yellow octahedra. 4 

A double salt of the composition Ir^dOj^.SKjSOj^HjO has 
• 

1 Hofcnwn tod HSchtfen, Bet., 1904,17, 243. 

> Antony, (ha., 1893. 28, i. 184. 

• Bet., 1878,11,1761. See *k> Siller, Ml. asay. Citm., 1921, 111, 209. 

* M«mo, Ml a eory. Cl®, 1904,48. JU. 
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also been obtained, which separate* from boiling aqueous solu¬ 
tion, on cooling, in rectangular or hexagonal crystals. 1 

Iridic sulphate, Ir(S0 4 ) 2 , was obtained by Berzelius as a 
yellowish-brown, amorphous mass by oxidation of the eulphidli 
with nitric acid. When wanned with sulphuric acid, it undergoes 
reduction to a green solution of the sesquisulphate.’ 

Iridioniiriies.—The simple nitrite of iridium has not been pre¬ 
pared as it*readily forms complex nitrite*. • 

Hydrogen Iridionilrite, H s [Ir(N0,)J,H 2 O, forms light-yellow, 
readily soluble needles.’ 

Potassium Iridionilrite, K a [It(N0 2 ),], is beat prepared by add¬ 
ing potassiiyn nitrite to a solution of iridium sesquisulphate at 
70-80’. It is a white powder, readily soluble in boiling water, 
but almost insoluble in the cold liquid, and in potassium chloride 
solution. The corresponding sodium salt crystallises with 
2H,0.* 

A series of salts in which some of the nitrite group* are replaced 
by chlorine is also known. They are intermediate befween th* 
iridichlorides and iridinitrites and are known as the chlor-nitrites. 

Cyanogen Derivatives of Iridium.— The chief of these are 
the iridicyanides, which resemble the ferricyanides, and have 
been investigated by Martins.* 

Potassium *Iriiiocyanide, K 4 [Ir II Cy g ], is obtained in colour¬ 
less prisms when potassium ferrocyanide is gently ignited with 
iridium. 

Iridicyanic Acid, H a [Ir IU Cy ( ], is obtained by decomposing 
the barium salt with dilute sulphuric acid. It is very soluble 
in water or alcohol, less so in ether, and is deposited from 
solution in crystalline crusts. It possesses an acid reaction and 
has'an unpleasant taste, and from its solutions hydrochloric acid 
precipitates a green substance which is probably a complex 
iridium iridicyanide. 

Potassium Iridicyanide, K^IrCy*], is obtained by fusing 
ammonium iridicbloride with potassium cyanide, and also by the 
decomposition of the barium salt with potassium sulphate. It 
crystallise* in colourless, tetragonal prisms, which ale easily 


1 DeUplna, Comp, rad., 19&6, 142, 1625. . 

1 Rimbaoh and Koiton, Zo'f. morg^Piem., 1607,52,408. 

* Gibb*, Btr., 1871, 4, 280. • 

* Loidii, Boll Soc. Mm., 1802,13}, 27,938. Bse al*o Miolrti, AUi X. Aaad. 

Uncei, 1802, [«111, il. 151. 

* Annala, 1801, 117, 357. 
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soluble in mater, but insoluble in alcohol. It is a. very stable 
body, unattacked by chlorine or hydrogen chloride. 

Barium Iridicyanide,' Ba^IrCyji.lfiPgO.—In order to pie- 
]fere this compound the orude potassium salt is precipitated 
with copper sulphate, and the precipitate decomposed with 
baryta water. It forms hard, transparent, probably tetragonal 
crystals, which effloresce on exposure, are easily soluble in water, 
and are attacked with difficulty by acids. 

Ammohucal Derivatives op Ibidihw. 

634 Iridium forms ammoniacal derivatives corresponding to 
itidious chloride, IrCl a , and iridic chloride, IrClj," which are 
analogous to the corresponding platinum compounds. It forms 
also an extended series 1 of compounds corresponding to the 
trichloride, IrClj, which are similar to the cobaltic, chromic, 
and rhodic compounds, and are most probably strictly analogous 
to thcArin constitution. 

1. Indians Compounds.- -Dichloro-diamminc-iridium ( India- 
ammonium Chloride), [Cl,(NH,) s Ir), is obtained by heating a 
solution of iridious chloride with an excess of ammonium car¬ 
bonate and neutralising the solution with dilute hydrochloric 
acid. It is a yellow, granular body, insoluble in water. The 
corresponding hydroxide is not known, and of the other salts 
only the sulphaio-oompound, [80j(NH,)jIr], has been prepared. 
This is obtained by heating the chloride with sulphuric acid, 
when easily soluble orange-coloured crystals are formed. 

Tetrammine-iridium DuMoride (Iridiodiammonium Chloride), 
[(NH,) t Ir]C]„ is obtained by prolonged boiling of the preceding 
ohloride with excess of ammonia. On cooling, a whitish precipi¬ 
tate separates, and this is decomposed by boiling water with 
evolution of ammonia, The hydroxide has not been prepared. 
The sulphate crystallises in rhombic prisms, which axe easily 
soluble in hot water and deflagrate on heating. 

2. Iridic Compounds.—DiMoro-tetramminodridium Dinitrate 
(Irididi&Amtmium Chloroniiraie), [QjiNHg^Ir^NO,),, is formed 
when concentrated nitric add is gradually added to dichloro- 
diammine-iridinm. It dissolves in hotrwatar, and crystallises in 
lustrous lamin®. If an excess o ( f hydrochloric acid be added to 
a solution of this compdund, the chloride is precipitated, rays- 

» Pabswr. Bar., 1889, 8, 15; 1990, S3, 3810; 1891, 24, 2090; Zeii am »j. 
Cim., 1895,10,320; 1896,13,211. • 
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tallising from boiling water in violet octahedra. River nitrate 
precipitates only the half of the chlorine which it contains. Sul¬ 
phuric acid converts the nitrate into the sulphate, [CI K (NH a ) 4 Ir]SO«, 
which crystallises in fine, greenish needle.. • ’ 

3. Iridium Setgui-compounds. — Hezammine-iridium trichloride, 
[(NHjljIrjClj, prepared by heating the following compound with 
ammonia at 140°, forms colourless prisms. 

Chloro-jkntammine-iridium dichloride ( Purpurea-iridium chlor¬ 
ide), [Cl(NH,) 6 Ir]Cl,, is produced by the action of amrtionia on 
ammonium iridiochloride, and forms yellowish-brown, octahedral 
crystals, or a flesh-coloured, crystalline powder. Silver nitrate 
precipitateg only two-thirds of its chlorine. 

A laTge nnmbcr of other pentammine-iridium derivatives have 
been described, as well as aquo-pentammine, tetrammine, and 
triammine compounds. 

Detection and Estimation of Iridium. 

^ * * 

635 Ammonium chloride produces, in a tolerably concentrated 
solution of iridium, a dark-red, crystalline precipitate, and the 
dark colour sometimes observed in the corresponding platinum 
precipitate indicates the presence of iridium in this metal. 
Iridium is also distinguished from platinum by the formation 
of a colourless solution of potassium iridichloride when caustic 
potash iB added to the chloride of the metal; on exposure to the 
air, this solution first becomes red-coloured, and afterwards blue. 
Sulphuretted hydrogon decolorises the solution of an iridic salt 
with separation of sulphur, whilst the brown sulphide, soluble 
in ammonium Bulphide, is precipitated, 

Iridium is always estimated quantitatively as the metal. 

The Atomic Weight of iridium was determined by Berzelius 
by igniting potassium iridichloride in hydrogen, the result of 
a single experiment being 196-5. Seubert , 1 in 1878, working 
with carefully purified material, obtained the number 192-05 by 
the analysis of the same salt, whilst the ignition of the ammo¬ 
nium salt gave the higher number 193-39. Joly , 1 iq, 1890, by 
the analysis of the potassium anti ammonium iridichlorides, 
obtained the number 1M18. Archibald,* in 1909, by reduction 
of potassium iridichloride in hydrogen, obtained the value 192-90, 
but no details of the work have’yet bees published. Hoyermann , 4 

1 litr., 1878,11, 1770. ■ Compfc rani., 1890, 110, 1131. 

* Ckem. Hem, 1909,109, ISO. 

' fHumgiter. pht/t. vud. Sox. Erlanyat, 1911,49, 278. 
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in 1911, reducing ammonium iridiebloride in hydrogen 
obtained, as & mean of five determinations, the value 192-61 
and Hokmum , 1 in 1912,‘adopting the same method, found aa t 
result of four determinations the value 193-42. 

The.number now (1922) adopted is 293-1. 

PLATINUM. Pt-195-3. At No. 78. 

636 This metal appears to have been first observed in the 
sixteenth century; for Scaliger, who died in 1558, in his work 
Extrtilalmcs Rxoterica de Sublililale, combated the views of 
Cardanus that all metals are fusible; for, he adds, in the mines 
of Mexico and Carian a metallic substance is found " quod nullo 
igni, nullis Hispanicia artibus, haetenus liquescere potuit.” As 
platinum occurs in the above districts, it appears very probable 
that this was the metal here referred to. Indeed the metal 
seems h^.have been used long before this date, for an alloy 
Containing platinum together with gold and iridium has been 
found composing some of the hieroglyphs on an Egyptian box 
discovered at Thebes, dating from the seventh century B.C.* 

It was not, however, until the eighteenth centnry that platinum 
attracted general attention, and this time many cbemists occu¬ 
pied themselves diligently with the subject. The first of these 
was Don Antonio de UUoa, who took part in the French Expedi¬ 
tion of 1735 which had for its object the measurement of an are of 
the meridian on the equator. In 1748 he published his Relation 
HiHorica del Viagea la America Meridional, in which he describes 
an unworkable metallic mineral which even makes gold ore 
useless if it occur mixed with it in large quantities. William 
Brownrigg 3 was the first to describe native platinum as a com¬ 
pact metal. He had obtained it nine years previously from 
Charles Wood, who had brought some samples of it from 
Carthagena in Granada to Jamaica, and thence to England. 
Brownrigg termed it a semi-metal. It was afterwards more 
exactly examined by Scheffer, who described it in the Memoirs 
of the Stockholm Academy in 1752 with the title “ On White 
gold, or the seventh Metal, termed ip Spanish ‘platina del 
Pinto,’ ” that is, small silver of Pinto, plalina being the diminutive 

1 Sihnnfaber. p%i. me&. Bee. 'Srloagen, 1912,44, S4. 

• Berthelot, C<mjL mi., 1901, 1st 729; Arm. Cim. Pi *»., I901-, PI 
28. S . 

■ miw.im4i.BM. 
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of plata, the Spanish for silver. The name of del Pinto was 
added because it was first fonnd in the auriferous sand of that 
river. Scheffer describes the insolubility of platinum in nitric 
aoid, and was acquainted with the facta that aqua regia dissolves • 
it and that it is precipitated from the solution by mercury. He 
also states that it is infusible at the strongest heat of a furnace, 
but that it can be alloyed with other metals, and that it may be 
fused by the help of arsenic. He declares the new body to l>e a 
true metal, and, on account of its unalterftbility, believes it to 
be a noble one, and suggests that it may be used for the Bpocula 
of telescopes. In 1754 Lewis 1 published a series of researches 
on platinnm, and in 1757 the investigations of Marggraf were 
communicated to the Berlin Academy. Amongst the most 
important »f his observations was that which has since proved 
of such service to analytical chemistry, that platinum solution 
prodnces*with the salts of the alkalis an orange-yellow precipitate, 
with the exception of that of the mineral alkali soda, with wiiich 
it produces none. Next came Macquer and Beaum^’s^oearches 
on platinum, which were published in the Memoirs of the Pails 
Academy of 1758, The most important new fact observed 
by these chemists was that platinum can be fused in the focus 
of a powerful burning-glass. Besides this, the paper in question 
contains th® information that platinum had hitherto been so 
rare a substance, because the Spanish Government had forbidden 
its exportation, inasmuch as gold could be alloyed with a con¬ 
siderable quantity of the new metal without its colour being 
sensibly changed, t^us giving rise to the possibility of fraud. 
Further investigations were made by Cronstedt in 1764, and 
by Bergman in 1777, the latter chemist explaining the nature 
of the changes which occur when a platinum solution is treated 
with the alkalis. Count von Siokingen, at that time the repre¬ 
sentative of the Palatinate at the Court of Paris, worked dili¬ 
gently on the subject 4 of platinum, and was the first, in 1772, 
to prepare platinum foil and platinum wire, and to show that 
this metal when alloyed with silver dissolves in nitrio acid. His 
experiments were communicated to the Academy in J778, and 
in 1782 the same researches were described in a pamphlet which 
appeared in Gorman wjth the title Experiments on Platinum. 
All the preoeding researches, as well tfe many later ones, were 
made with South American platinum. • 

Ib. 1819 grains of a white metal were discovered in the aori- 
* PM. Tram., 17M. 48, 638. 
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ferous sands of the Urals, but it was not fill 1823 that platinum 
was detected in this substance. This discovery gave rise to the 
Scientific Expedition U the Urals undertaken by Humboldt, 
G.'Roao, and Ehrenbuijg, in 1829. 

With the exception of Sfcrrylile, PtAs,, found in small quanti¬ 
ties m the nickel-copper ores of Ontario, 1 platinum occurs in 
the native state, but native platinum is very seldom pure, the 
purest specimens having been found in Brazil together with 
grains of palladium. The usual platinum “ ore,” as it is termed, 
contains all the metals of this group together with iron, copper, 
titanic iron ore, etc. It is sometimes, though seldom, found 
crystallised in cubes and octahedra, but more usually occur in 
rounded or flattened grains, or sand having a metallic lustre, 
and occasionally in large, rounded nuggets, both for.ns occurring 
in river sand or detritus. Some of the more important locali¬ 
ties from which platinum is obtained ore Choco ncarTopayan, 
the gold-washings of the Pinto in the province of Antioquia in 
Columbia) and Minas Ceraes in Brazil. In the Urals it is 
'found in alluvial deposits at NischnetagiiRk and Goroblagodat. 
Platinum likewise occurs in the Natoos Mountains in Borneo, 
and in Haiti, Peru, California, India, and Australia, especially 
in New South Wales. It is also found in small quantities in 
the sandB of various rivets, occurring in the Rhine, and in streams 
in Wicklow, North Carolina, and Canada East. The largest 
mass which has yet been obtained is that in the Demidoff 
Cabinet in St. Petersburg, weighing 7-837 kilos, In the Urals 
platinum is found together with chrome iron ore in serpentine, 
whilst in tho Brazils it occur* with gold in Byenite. Many 
common minerals, such as dolomite, heavy spar, and fahl ore, 
contain traces of platinum, and this explains the occurrence of 
the metal in the sands of so many rivers. It is found in small 
quantities also in most of the ores of lead and silver, and it is 
usually contained with palladium in small quantities in all 
silver; and it has been observed in meteoric iron.* Some 
American copper ores contain platinum, and it is recovered in 
the electrolytic refining ol copper. In the United States mints 
the gold is refined electrolyticaUy, and sometimes the anode 
sludge contains small quantities of platinum. Thus, in the 
San Francisco mint, llS ounce*, of platinum and iridium were 

1 Walker, Ztit. Kryrt. Min!, 1898, St, 591; Aaer. J. Set., 1*98, [4], 1, 
110; Welle end Bentalii, >«., 1902, [4J, I*. 95; Diokeoo, ititf, 1908, [4], 
It. 197. 

• Devwra, A<%*. J. Sei., 1*99, [41 7. 4. 
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recovered from the refining of 1,073,000 standard ounces of 
gold. * f' 

The"Mowing table contains a scriesi of analyses of various 
platinum ores by Deville and Debray: J ' <■ , 




Looality. 

• 

Chooo (S. 
America) 

California, 

Australia. 

Ure'r. 

Platinum . . . 

86-20 

85-50 

61-40 

76-40 

Gold . # . . . 

1-00 

0:80 

1-30 

0-40 

Iron. 

7-80 

6-75 

4-55 

11-7I) 

Iridium .... 

0-85 

1-05 

M0 

4-30 

Rhodium . . . 

1-40 

1-00 

1-85 

0-30 

Palladium* . . . 

0-50 

0-60 

1-80 

1-40 

Copper .... 

O-CO 

1-40 

M0 

4-10 

Osmiridtura . . . 

0-95 

1-10 

20-00 

0-50 

Sand. 

0-90 

2-95 

1-20 

1-40 


100-25 

101-15 




The body termed osfciridium is an alloy of osmium and 
iridium wliicH is not attacked by aqua regia; tbe sand contains 
quartz, chrome iron ore, hyacinth, spinel, and ilmenite. 

637 The Metallurgy of Platinum.—The infusibility of plutimun, 
as well as its power of withstanding the action of many of the 
moat powerful reagents, rendered it desirable that this metal 
should be employed for tho manufacture of vessels for chemical 
use. In 1784 Ac.hard mentioned that the substance obtained by 
fusing arsenic and platinum together leaves, on ignition, a residue 
of malleable platinum; in this way he prepared what was 
probably the first platinum crucible. From the year 1787 this 
method was employed «in Paris, where Janetty was celebrated 
for bis platinum work. Platinum vessels were, however, bo 
expensive and difficult to obtain, that in the year 1801 G. Rose 
and Karsten, for want of a platinum crucible, were enable to 
examine the statement of Guyton de Morveau and Desormes 
that potash consists of lifrie and hydrogjn, and soda of magnesia 
and hydrogen. 

1 Am. Chim. Piys., 1859. [31 56, 449. See. also Martin, 10IA Am. Sept. 
U.8. Otol. Survey /or 1884-5, Pt. Itl., 1895, 628; Koifman, Arch. 8d. pkyt. 
not., 1915, [41 40, 22. 
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In the year 1800 Richard Knight 1 published a method for 
preparing malleable platinum. This consisted in dissolving the 
crude platinum, precipitating the solution with ammonium 
Chloride, stamping the dried precipitate of the double chloride of 
platinum and ammonium into a conical mould made of fire 
alay, and igniting the whole. In this way 'platinum is obtained 
as-a coherent metallic mass, which can then be worked up. Ip 
1832 a similar method was described by Barrual; byt for msny 
years before this, in fact from 1800 to 1809, a relative of a 
member of the well-known firm of Messrs. Johnson, Matthey and 
Co. was employed in working on platinum, and had discovered 
(whether independently of Knight is uncertain) a method for 
consolidating the sponge, which was afterwards elaborated by 
Wollaston and described by him in the Bakerian -Lecture * for 
1828. This, although identical in the main features with 
Knight’s process, is distinguished from it in several important 
particulars, and is the method by which platinum was manu- 
faoture&j'ip to the year 1859, when Deville’s process came into 
'use.* Wollaston in the first place pointed out the necessity of 
heating the double chloride very gently at a temperature just 
sufficient to expel the whole of the ammonium chloride and to 
occasion the particles of platinum to where as little as possible, 
for on this depends the ultimate ductility of the product. The 
metallic powder thus obtained must be rubbed between the 
hands of the operator so fine as to pass through a fine lawn 
sieve. After having been well levigated, the uniform mud or 
pulp is pressed whilst cold into a brass band and Btrongiy com¬ 
pressed by a powerful lever. The cake of platinum can be 
easily removed, owing to the conical form of the barrel, and is 
so hard that it can be handled without danger of breaking. It 
is then placed on a charcoal fire and heated to redness to drive 
off moisture and to give it a greater degree of cohesion. After 
this it is heated in a wind furnace to the moet intense heat that 
oan be obtained, After ignition for about twenty minutes, 
the cake is removed from the fumade and placed upright on an 
'anvil, and struck when hot with a heavy hammer. The ingot 
of platinum thus obtained may be drawn into wire or submitted 
to any of the processes of whioh th^.most ductile metals are 
capable. * . 

The easy method thus'proposed for working up platinum has 

1 TiOxKi PM Ua 1803, 16. 1. * PM Tront., 1829. U}. 1. 

• Jim. Chim. Pkfi., 1889, 31 86, ««, 
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hod a great influence on the progress of chemistry. The 
present generation of chemists can scarcely understand the 
difficulties with which their predeceasora^ad to contend, unable, 
ae they were, to use plrftinura crucibles, basins, *retorte, foil, or 
wik. In his Letters on Chemistry Liebig says : 

“ Without platinum it would be impossible, in many oases, to 
make the analysis of a mineral. The mineral must be dissolved 
and it mug; be first rendered soluble, or prepared for solution. 
Now, vessels of glass, of porcelain, and of all non-nietallic sub¬ 
stances are destroyed by the means we employ for that purpose. 
Crucibles oi gold and silver would melt at high temperatures. 
But platinum is cheaper than gold, harder and more durable 
than silver,*infusible at all temperatures of our fumacea, and is 
left intact by acids and alkali carbonates. Platinum unites 
all tbe valuable properties of gold and of porcelain, resisting the 
action of* heat; and of almost all chemical agents. Without 
platinum the composition of most minerals would have yet 
remained unknown.” . 

Platinum apparatus is also employed on a large scale and witlT 
great advantage in the chemical industries; thus, for example, 
in the manufacture of sulphuric acid, and in the parting of the 
noble metals. The first, platinum apparatus for concentrating 
sulphuric acid, weighing 423 ounces, was made in London in 
1809 by Messrs. Johnson, Matthey and Co., who since that 
time have furnished platinum vessels for all parts of the world. 
The price charged for this first platinum still was at the rate 
of l&j. per ounce; $e present price is about £20. 

The application of the oxy-hydrogen blowpipe for fuaiDg 
large masses of platinum, proposed first by Hare, 1 has exerted a 
great influence on the progress of tho platinum industry. Hare 
succeeded in fusing 971 grams of platinum, as well as large 
quantities of iridium and osmium. This method was improved 
upon by Deville and Debray,* whose investigations on the 
platinum metals have "been of great service to the general 
progress of chemical industry. The means employed by these 
chemists for fusing platinum, and now employed on Jhe large 
scale by most of the platinum manufacturers, consists in the 
use of two well-fitting lujpps of quick lime. The upper one has 
a "hole drilled through the middle for %hc introduction of .the 
blowpipe, whilst a side opening permits the escape of the products 

1 Phil Hag., 1847. [3], Si, 3M. 

> Ann. Chin. Phyi., IBM, [3J K, 388. 
vol. n. (n.) s s 
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of combustion and serves as an outlet for the molten metal. 
Instead of hydrogen, common coal-gas ii usually employed. 
This is allowed to enter Jhrough the tube h, Fig. 202, whilst the 
, ojygen enters at 0 . The upper portion of the blowpipe consists 
of copper and the lower of platinum. Lime is used lor the 
crucible, because it stands a high temperature well, and at the 
same time it absorbs the slags of the oxides of iron and silicon 
and other materials whioh are formed during the,.operation, 
The introduction of this process induced chemists to seek for a 
okeap method of preparing oxygen on the large scale, whilst 
by means of the oxy-hydrogen blowpipe Messrs, Johnson, 
Matt hey and Co. have succeeded 
in effecting a most important im¬ 
provement in the metallurgy of 
platinum, via., that of soldering 
platinum by itself (astogenous 
soldering), instead, as was for¬ 
merly the case, of soldering with 
gold. The electric furnaoe is now 
frequently employed for fusing 
platinum. 

Most of tho platinum of com¬ 
merce has been obtained from the 
Urals by a process of concentra¬ 
tion by washing, similar to tho 
manner in which alluvial gold is 
extracted. The crude platinum 
thus obtained is in the form 
of fine particles, grains, and 
scales; nuggets are also occasionally met with, and a little 
gold is also generally present. This gold is extracted from the 
crude platinum by amalgamation, the material being rubbed 
with mercury in a dish made of wood, iron, or porcelain. 

Deville and Debrey elaborated two methods 1 for treating in 
the dry way the crude platinum remaining. According to the 
first of tfceae, the ore is repeatedly melted in a vessel made of 
lime. In this way an alloy of platinum with iridium and rhodium 
is obtained. This method is especially applicable to the fusion 
of old platinum vessels, inasmuch as all the impurities, sudh 
as sulphur, phosphorus, iron, gild, lead, etc., which occur in 
the scrap platinum, are either volatilised or absorbed by the 
. ' Aim. Cbm. f%fc, 1800, [31 46, 364; 1M1, SI, 8. 
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lime. The secorM method depends on the fact that lead can 
be alloyed with the platinum metals but not witlr osmiridium. 
These processes have, however, not met with much success in 
praotice, as the platinum thus prepared may contain, besides 
the harmless iridium and rhodium, other admixtures, and may 
not be homogeneous. 

Hence wet methods are more generally used. The following 
process is adopted in the German works of Ileruus in Kanin. 1 
The raw ore is treated in glass retorts under a pressure of twelve 
inches of water with a mixture of 1 part of aqua regia and 2 parts 
of water. The solution is evaporated to dryness, and the dried 
mass heated to. 125°, at which temperature the palladium and 
rhodium salts are reduced to lower chlorides. The clear aqueous 
extract acidified by hydrochloric acid is then precipitated with 
ammoninm chloride, the double chloride of platinum and ammon¬ 
ium being" thrown down, whilst the corresponding iridium salt 
is obtained on evaporating the mother-liquor. The solution 
remaining after precipitating the platinum is treated with scra^ 
iron, when the other metals are thrown down, and the pTecipitato, 
from which the excess of iron has been dissolved by hydrochloric 
acid, is again treated with aqua regia, and from this solution 
a now portion of platiiftm and iridium thrown down. The 
mother-liquor*, as well as the residue left on dissolving the ore 
in aqua regia, contain palladium, rhodium, ruthenium, osmium, 
and iridium. The spongy platinum obtained by igniting tho 
double chloride of platinum and ammonium is then pressed, 
brokeu up, and fused, with excess of oxygen in a lime crucible. 

In the wet process of G. Matthey the platinum is firet melted 
with six times its weight of lead, and then granulated by pouring 
into water. 

The process employed in Russia is very similar to the fore¬ 
going. The erode platinum is dissolved in aqua regia in 
porcelain basins set on a,sand-bath. The solution is repeatedly 
evaporated with hydrochloric acid until all nitric acid has been 
removed, the aqueous solution then filtered, and the filtrate 
Ufeated as described above. 8 

Most of the platinum which occurs in commerce ie not pure, 
but contains, like Russiansplatinum coin^2 per cent, of iridium. 
This alloy is valuable for the preparation of chemical vessels, 
as it is less readily attacked by acids A an pure platinum. 

1 Philipp, Ber. Eniv. Che*. Ini., 1, 699. 

• Minenl Indutfy, 1867, 8, SCI. 
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638 Preparation of Pure Platinum .—Devifie and Debay : 
have prepared pure platinum on a large scale by the following 
process. The metal, rfhich contains iridium and rhodium, if 
(used with six to ten times its weight of lead, the mass aftei 
cooling treated with nitrio acid, and the residue treated With 
dilute aqua regia, when a crystalline alloy 0 ) iridium, ruthenium, 
and iron remains behind, whilst lead, platinum, and some 
rhodium go into solution. This latter is treated with ammonium 
chloride, the double chloride, (NH 4 ),PtCI„ being thrown down 
in a finely divided, amorphous state and almost white, whilst 
the rhodium is kept in solution. The precipitate is washed 
with water containing hydrochloric acid, ignited, and the residue 
of platinum fused in a lime crucible. When fused” the supply 
of gas is suddenly stopped, so that the metal solidifies from the 
outside; in this way the formation of bubbles in the metal is 
avoided. 

According to G. Matthey,* the preparation of pure platinum 
is a m4!ter of groat difficulty. His process is, to begin with, 
eimilar to that already described, but he evaporates down the 
aqua regia solution, and then adds pure sulphuric acid to the 
residue in order to convert any lead which may remain in 
solution into the insoluble sulphate. ‘The platinichloric acid is 
then dissolved out with water and precipitated by a mixture of 
ammonium chloride and common salt, the latter being added 
because the ammonium platinicbloride is less soluble in a 
solution of common Balt than in water. The liquid is then 
heated to 80° and allowed to Btand for some days in order that 
the precipitate may become denser. This is then repeatedly 
washed with a solution of ammonium chloride, and at last with 
distilled water acidified with hydrochloric acid. The washed 
precipitate is then dried and mixed with potasium bisulphate 
and a email quantity of ammonium bisulphate. The mixture is 
then heated to dark redness in a platinum basin, On boiling 
the mass with water, potassium sulphate and potassium rhodo- 
sulphate dissolve, leaving pure platinum behind. 

The production of platinum from the Ural mines, has been 
subject to great variations, In 1825, when the mines were first 
opened, only 381 pounejs were produce*], In 1827 the experiment 
of coining with platinum' was tried at the St. Petersburg .mint, 
pieces of 3, 6 , and 12 roubles being produced. The coinage of 
platinum was, however, soon abandoned (in 1844), and thb coin* 

1 Compt. rati, 1878,81, 8S3, • Pm Ref. See., 1678,8,468. 
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in circulation w&e withdrawn, owing to the very considerable 
variations which the price of the metal underwent'from year to 
year and the impossibility therefore of fixing a permanent 
monetary value upon the coin. The total value coined amounted 
ttf 4,146,604 roubles, and the annual amount produced towards 
the dose of the period in which the metal was coined reached 
7,716-4 pounds. It afterwards declined, but subsequently 
increased owing to the large demand for the metal occasioned 
by the widespread introduction of electric lighting, the metal 
being'employed in the construction of incandescent lamps. In 
1893 the production reached the amount of 11,196 pounds. 

Later the supply of platinum has not been equal to the increase 
in demand; Russia is still the chief source of the metal, and the 
scarcity is p&rtly due to the local difficulty of securing the neces¬ 
sary mining labour, and also to the diminution of yield in the 
richer mines. The average output of the Russian mines tjas, 
for the years 1893 to 1898, 12,050 lb. per annum; for the yearn 
1899 to 1904, 12,600 lb., whilst during the year 1905,^4,050 lb. 
were produced. There is, however, a small production of 
platinum in the United States, between 100 and 200 troy ounces 
being produced per annum; Columbia also produced 800 lb. 
during 1904, and since That time the output has considerably 
increased. • 

639 Properties,— Pure platinum has a tin-white colour, is 
soft like copper, has a specific gravity of 21-4136-21-4317 
(Kahlbaum ), 1 and is the most malleable of metals after gold 
and silver. The specific heat of platinum is 0-03159, and this 
increases with temperature even at very high temperatures.* 
Its coefficient of expansion is very nearly the Bame as that of 
glass, so that a platinum-glass join may be made without the 
latter cracking. Like iron, it can be readily welded at a white 
heat. It melts at 1710° as determined by a resistance ther¬ 
mometer,* whereas higher temperatures, 1753-1889°, are indi¬ 
cated by the optical pyrometer method.* An extremely fine 
wire can be melted in the flame of a Bunsen burner; platinum 
in large masses is infusible even at jhe highest tempeiature of a 
blast-furnace, although a small piece of the metal may be melted 

I J. Chim. Pkyi., 1904, 2, 837. , 

* Magnus, Ann. Pkyi., 1910, [4], ^8, 983; Faliaro, A’uouo CJin., 1916. [6], 

9, f. 123- * 

* Jjuku, Proc. Say. Soc., 1900, 70, [A], 235. 

* Weldnsr and Burgeta, Bull. V.S. Aureou Standard*, 1907, 8, 103 j 
Holbom and Valentiner, Ann. Pkysii, 1907, 28, 1. 
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in sncli a fuijsace. 1 It can, however, he fused in the aiy-hy drogei 
flame, ffhea large masses of the molten metal are quickly 
cooled they exhibit thd phenomenon of " spitting ” so charac¬ 
teristic of silver. , 

Platinum is sensibly volatile below its melting point, even'at 
1300°,* and cubic or octahedral crystals of the metal have been 
found in the neighbourhood of the platinum electrodes in electric 
furnaces.* According to Hulett and Berger 4 it begins co volatilise 
at 800° in air, whilst it is unchanged at this temperature in the 
absence of oxygen; this'phenomenon bas been attributed to 
the formation at high temperatures of a volatile oxide whioh 
undergoes decomposition at lower temperatures. Roberts* 
found that platinum does not volatilise in hydrogen, nitrogen, 
or in vacuo, but begins to do so in oxygen even 'at 600°, the 
extent of the volatilisation being nearly proportional to the 
pressure of the oxygen, and he concludes that the volatilisation 
is due to the formation of the oxide PtO, which decomposes 
at tower-temperatures. 

The loss of weight of platinum by heating is increased by tbs 
presence of iridium and decreased by rhodium, these eflect* 
being particularly noticeable above 900°. Iridium is frequently 
alloyed with platinum in order to stiffen it for the manufacture 
of crucibles, but rhodium would be preferable for this purpose. 
The presence of iron Teduces the loss of weight on heating, and 
below 900° there may even be a gain in weight owing to the 
iron diffusing to the surface and oxidising.* Platinum can be 
distilled in tbe electric furnace.’ * 

Hydrogen diffuses through platinum,' and tubes made from 
fused and hammered platinum allow hydrogen to pass'through 
them at a strong red heat in larger quantity than is the 
case with caoutchouc membranes at the ordinary temperature. 
This property depends upon the fact that the red-hot metal 
has the power of absorbing hydioget. (YoL I., p. 169). It 
dissolves 3'8 volumes of the gas, which it gives off on heating 
in a vacuum, the surfsce of the platinum becoming covered 

1 Meyer,'Ber., 1865, 26, 850. ° 

■ Crookes. Pm. Boy. St*., 1912, 88, 464. 

* Guntz and Bueett, Batt, St*, cfca., IKK, p], 83, 1300. 

* J. Awr. CTo*. See.. 19S4, 28 , 1612. 

* ffiO. Mag., 1913, 25 , 270. • 

* Bargees end Sole, J. Ind. tag. Chm., 1914, 8,452; 1916,7, 616; Bingo* 
ud Wallenberg, ibid., 1918, 8, 487. 

1 Howaan, CtmjH. 1006, 14& J89. 

* S* Schmidt ud Lflcke, Ztit. portal, Oen., 1021, 8, 162. 
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with bubbles. 1 .The solubility is proportional to th3 square root 
of the pressure of the hydrogen and is less thin in the case 
of iron and nickel.* The power of platinum to absorb hydrogen 
i| diminished by the presence of mercury, sulphur, arsenio, and 
zinc, and the extent of the “ poisoning ” is proportional to the 
amount of poison present.’ Such substances also cause a 
diminution in the catalytic activity of the metal, the extent of 
the poisoning being different for different reactions.’ **The 
absorption of hydrogen is also noticed when platinum foil is 
employed &a the negative pole in the electrolysis of water, 
the hydrogen being given off again when it is converted into the 
positive ptite. • Platinum does not dissolve carbon dioxide or 
sulphur dioxide. 1 

In January, 1817, Sir Humphry Davy communicated the 
fact to the Royal Society that mixtures of oxygen or air with 
hydrogen, carbon monoxide, ethylene, vapour of alcohol, vapour 
of ether, and other easily inflammable gases or vapours, are 
capable of bringing about the incandescence of *a warned 
platinum wire, 4 and that then these mixtures either combine 
slowly or in some cases quickly, and even with explosion. This 
now well-known phenomenon is thus described by Davy: " A 
temperature much below ignition only was necessary for pro¬ 
ducing the curious phenomenon, and the wire was repeatedly 
taken out and cooled in the atmosphere till it ceased to be 
visibly red, and yet when admitted again it instantly became 
red hot.” In the following year Erman observed that it was 
only necessary to warm the platinum wire to 50° to enable it to 
bring about this combination. 

In 1820 Edmund Davy showed that the black powder 
deposited when a platinum solution is precipitated by sulphur¬ 
etted hydrogen, the precipitate dissolved in nitric acid, and the 
liquid thus obtained mixed with its own volume of alcohol, 
possesses the property, when moistened with spirits of wine, of 
becoming ignited in the air. Two years later, Ddbereincr 
observed that spongy platinum, obtained by the ignition of the 
double chloridy of platinum and ammonium, exhibits the same 

> Ses also Winkelmann. AaH Phyiit, 1901, [4], 6, 104; 1902, (4], 8, 388; 
1000, [4], 19, 1046; Langmuir, J, Amir. Chum Soc., 1918, 40, 1361, 

* Sierarta and Jnrisok. Sir.. 1919, 46, 221. 

* United, ypum. Ckem. Soc., 1021,119, 2l& Compare Paal and Windlaoh, 
Bin, 1913, 46, 4010. 

* See Vftaon and Hureon, Com?!. reft i., 1922,176, 277. 

* Phil. from.. 1817, 107, 77. 
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phenomenon, when gently wanned with alcohol, In 1825- the 
asms chemist noticed that when hydrogen is allowed to pass 
over spongy platinum in presence of air the hydrogen gas is 
ignited, and npon this was founded the well-known DSbereiner’s 
Hydrogen lamp* Faraday afterwards showed that chemically 
clean platinum acts in a similar way. The oircumstances in 
which platinum and certain other metals exhibit this action 
wero investigated by Th4nard and Dulong in the same year. 

In order to exhibit this action, Davy's glow-lamp is used 
(Fig. 203). It is fed with a mixture of alcohol and ether, or 
with methyl alcohol; this is ignited in order to heat the spiral 
of platinum wire to redness, The flame is then blown out, and 
the mixed vapours of alcohol and ether rising from the moist 
wick are oxidised, and thus the spiral is kept brightly incan- 



r». 203. Fro. 204. 


descent. The same phenomenon can be observed if a spiral of 
platinum wire be hung in a small test-glass (Fig. 204) into which 
a little ether has been poured. Another mode of showing the 
same experiment is to heat a small piece of platinum foil in 
the flame of a Bunsen burner, and then quickly to extinguish 
the flame, allowing the gas to escape. The foil soon begins to 
glow, and if it be plaoed near the burner it becomes hot enough 
to re-ignite the gas; if further removed, the foil continues to 
glow, but the gas is not ignited. 

The catalytic action of platinum in the oxidation of hydrogen 
and of carbon monoxide has,been studied by Langmuir* 
Spongy Platinum, first prepared by E. Davy, is very finely 
livided metallic platinum, which posse&s a very large surface 
wmpared with its mass, and is able to condense large quantities 
if oxygen. This substance is frequently employed as an oxidising 

1 Scimnfja't tt, 60; YiSscA’i PM. Mag., 1826, 85, ISO. 

• TVs*, FsrtJay So... 1922,17, 607. 
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agent, and may be readily prepared by gently .heating the 
double chloride of platinum and ammonium. By the action 
of sodium hydroxide solution on chloroplatinio acid mixed with 
formaldehyde, a more active product is obtained which becomes 
incandescent on exposure to air owing to the absorption of 
oxygen. 1 Spongy platinum forms a porous mass which, when 
heated strongly, .becomes denser, and assumes a metallic lustre 
under the burnisher. *• 

Platinum Black .—This form of platinum was also discovered 
by E. Davy, who, however, misled by Certain accidental impuri¬ 
ties, considered it to be a platinous nitrite. It is to Liebig' 
that we ovif the discovery of this error, and also a description 
of a good method for the preparation of the substance. This 
consists in warming a solution of platinum dichloride in potash 
with alcohol. Thus obtained, it is a soft, black, dull powder, 
which soils any surface on which it is rubbed. When thoroughly 
freed from alcohol by boiling with water, and dried in a vacuum 
over sulphuric acid, it absorbs oxygen from the air «o rapidjy 
that the mass becomes red hot. Platinum black is obtained also 
by dissolving alloys of platinum with other metals, such as 
copper and zinc, in nitrio acid, when the platinum remains in 
the form of a black powder. This latter preparation, heated in 
open vessels* to a temperature considerably below redness, 
deflagrates with a hissing noise, sometimes detonating like 
gunpowder. Platinum black is obtained also when platinum is 
precipitated by other metals from a dilute solution, or when 
such a solution is 'treated with reducing agents. Thus, for 
instance, if a solution of platinic chloride be allowed to drop 
into a boiling mixture of three volumes of glycerol and two of 
caustic potash of specific gravity 1-08, the black obtained pos¬ 
sesses extremely active properties, 8 as does that prepared by the 
reduction of platinic chloride by means of formaldehyde. 4 A 
very active platinum bfeck is also produced by adding a boiling 
solution of cbloroplatinic acid neutralised with sodium carbonate 
to a boiling solution of sodium formate. By the action of dilute 
hydrochloric acid or boiling neutral liquids, it is Converted 
into a greyish-black modification which is an intermediate 
stage between platinum "black and apopgy pl&tinum and this is 

' Feulgen, Ber.. 1921, 64, [Bi ifl). 

* Pom. Ann., 1829,17,10*. . 

* Zdnrekowitoh, Bull. Bx. (Aim., 187«, [2], £6, 198. 

* Loe». Ba., 1890, 28, 289. 
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reconverted* into the black variety by treatment with sodium 
formate in slightly alkaline solution. 1 

According tp Liebig,' platinum black absorbs mom than 800 
times its volume of oxygen, whereas the black prepared by 
Monij, Ramsay, and Shields was found to absorb 100 volumes 
of oxygen, When brought into hydrogen 310 volumes were 
taken up, 200 of which united with the oxygen present to form 
water, whilst the remaining 110 were absorbed. 1 A certain 
amount of occluded oxygen can, however, coexist with occluded 
hydrogen in platinum black. It appears probable that 
pljtinoua hydroxide is formed by the absorption of oxygen, 
since the heat of occlusion of oxygen by tbe blank is almost 
identical with the heat of formation of pl&tinous hydroxide.* 
Platinum black after absorbing oxygen dissolves partially 
in hydrochloric acid as platinons chloride, and the difference 
between the loss of weight of the black and the amount of 
platinum in solution also corresponds to the formation of this 
hvdioxide.* Moreover, the black containing oxygen is able to 
bring about oxidising actions similar to those produced by 
platinous oxide, such as the liberation of iodine from potassium 
iodide, and the oxidation of amenious to arsenic acid. 5 After 
frequent ignition in a mixture of combustible gas and air, the 
black becomes denser, approaching spongy platinum in its 
properties. Heat alone also affects its behaviour. 6 Platinum 
black is frequently used in organic chemistry as an oxidising 
agent, and it has been successfully applied in place of oxide of 
copper in organic analysis. 1 

Platinum black also absorbs hydrogen. It dissolves about 
160 volumes, whereas platinum sponge does not absorb more 
than 1 volume. The maximum solubility is at 0°, there being a 
decrease on either side of this temperature; the solubility of 
hydrogen in platinum sponge, on the other hand, increases 
with temperature.* Owing to its power of absorbing hydrogen, 

1 Gutbier tod Mtiscb, Her., ISIS, fig, [fl], ISSS. 

• Free. Ray. See., 1883, 88. 24!. 

* Mond.'Ramaay, and Shield*, froe. Ray. Set,, 1997, fife SO. 

« Knglcreod Wohler, Zat. awry. Cham., 190], 29 , If Wohler, j3er„ 1903, 
M, 3476. ‘ ,. 

« See elx> Rawhlg, ZtU. oKjtir. Om., 1906, 19, 1748, 2083; Biedlg, <Ui„ 
1966; Luther, iKd., 2049. . « 

• See Wright and Smith, Jour*. Ohe is. Set.. 1921, 119, 1093. 

’ Roofer, Jmt*. Cta. Sac., M76, 29,660; 1677, 91, 228; Dennstedl, Bet., 
1906, 99, 1623. 

* Gutbier and Maiith, loe. at. 
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platinum black* brings about a number of reductions also, 1 
especially the hydrogenation of unsaturated organ* compounds. 
Its activity is reduced by previous heating, and it is thus pos¬ 
sible, by first using inactive specimens prepared in this way, to 
r&uce an unaaturated body in stages.* Platinum black is also 
an active catalyst in the decomposition of many organic bodies.* 

Platinum black also absorbs 00 volumes of carbon monoxide, 
at the ordinary temperature, and this is liberated on heating. 4 

Cofloidal Platinum may be obtainod as a dark brown solution 
by passing an electric arc between plfctinum wires immersed in 
water. It In ay also be prepared in a similar manner to colloidal 
gold and silver by reducing platinic chloride with hydrazine 
hydrate in the presence of sodium lysalbate ae protective colloid, 
and on evaporating the solution and drying at 100° black, glisten¬ 
ing scales of colloidal platinum are obtained which are soluble 
in water.® Similar solutions are obtained by reducing solutions 
of platinum salts with other reducing agents, and in the presence 
of other protective polio ids. 8 • 

Colloidal platinum is a very active catalyst. It is capable of 
causing the union of oxygen and hydrogen. 7 It rapidly decom¬ 
poses hydrogen peroxide and even minute quantities have a 
marked effect. 8 By m&surerncnt of the rate of decomposition 
in the presence of different colloids, their protective action on 
colloidal platinum has been determined and gelatine found to 
have tho moat effect.® 

The colloidal solution absorbs hydrogen and is therefore 
very active in effecting reduction. Ferric salts may be reduced 

to the ferrous state and tetravalent titanium Balts and molybdic 

• 

1 See Loew and Aio. Bull. CoU. Ayr. Tokyo Imp. t-'nir., 1906, 7, 1. 

* Vavon, Compt. rend., 1914. 158, 409; 1921,178, 380. 

* Sea OllvertMandali, Gael., 1920, 50. iU 81. 

4 Homptinra. Zt.L pkytikal. Chem., 1898, 27, 429. 

1 Paal and Amberger, Ber., 1904. 37. 12*. 

4 Gutbier, Zeil. anorg. Chem., 1902. 82, 347; J. pr. Chem., 1005. [2], 7b 
358; Henriob, Ber., 1903,38, 309; Garbowild, ibid., 1218; Gutbior and others, 
Kolioid Ztil., 1916,18,1; ibid.. 1918,12, 298; Amborger, ibid., 1013,13, 310. 

’ Emit, Zeil. pfyeihd. Cktm., 1901, 87,,448; Paal and Hartmann, J. pr. 
Chem., 1909, [2], 80, 337; Paal and Schwara, ibid.. 1916, [21 98, 108. 

* Bredig, Zeil. angtv. CAen.,^1898, 951; Zeil. pkpmhd. Chm., 1901, 88, 
122; Biedig and ron Bemeet, ibid., 1899, 8L«363 i Bredig and Hceda, ibid., 
1901, 87. 1; Kandniti, ibid., 1901, |7, 6*1; Rooaaolaao, CompL rend., 1920, 
170,1002; Aral. FU. Quirn., 1920, 18, 301 ;*MacInne«, J. Amtr. Chm. Soe., 
1914.88, 878. 

* Grab, Zeil. p&ytihU. Cktm., 1814, 88, 414; Iredale, Journ. Chm. Soc., 
1921,118, 109. 
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acid are similarly reduced. 1 The solution is useful iq the hydro¬ 
genation of tasaturated organic compounds; thus acetylene 
may be reduced to ethyltne, and this, in turn, to ethane.* Many 
' oils' may likewise be hajdened in much the same way as when 
nicke^ ie used as catalyst. The colloid is incapable of bringing 
about hydrogenation oven of the most reactive compounds if it 
is completely freed from oxygen, and such deoxygenated platinum 
may be revivified by shaking with oxygen. The catalytio 
activity has therefore been ascribed to the presence of an oxide, 

/> 

Pt^^, which is assumed to form a compound with tlft hydrogen, 

and this compound readily gives it up to the reducible substance, 
and is again re-formed.* The oxides formed by fusing obloro- 
platinic acid with sodium nitrate are very active in the catalytic 
reduction of organic compounds. 4 The role of the' oxide in 
catalysis has, however, been denied. 5 

Colloidal platinum is “poisoned" by many substances, 
notably hydrogen sulphide, hydrogen cyanide, carbon monoxide 
and dioxide, and acetylene * The catalytio activity is also 
gradually lost by exposure to ultra-violet light. 1 

The colloidal particles of platinum 'ire spherical iu shape 4 
and are negatively charged. The solution is prreipitated by 
electrolytes 8 and by many metals. The efficiency of the metal 
as a precipitant increases with its electropositive character, 
and the action is due to the absorption of metallic ions by the 
colloid particles the charges on which are tjiereby neutralised, 111 
The sol is also coagulated by exposure to sunlight 11 or ultra¬ 
violet light. 1 * 

I Eggert, Zal. BUHrodwn., 1914,20,370; 1916, 21. 349; Paaland BOttner, 
Bn., 1916,48.220; Loew tnd A 16 , flail. Col 1. agr. Tokyo Imp. !/«,„ 1609,7,1. 

• Paal and Scbwao, Bet., 1916, 48, 964, 1196. 

> Wills titter and Jaqnet, Bn., 1619, 61. 7^7: Willitittar and Waltl- 
ubmidt-Leltz, Bn., 1921, 64. B, 113. See Rooaaoiano, Comp!, rend., 1621, 
178,41,234. 

< Voorbeee and Adaou, J. Ann. Ocm. Soe., 1922, 44, 1897. 

* State, Bn., 1922,66 [B], 139 v . 

« Bredig'aod Ikada, ZtH. pkgiital. Clum., 1901,17.1; Paal and Sohwan, 
Bn., 1916, 42, 1196; Kriger and Taoge, Za'I. Kkhrodtm., 1916, 21, 692. 

* Farmer and Parker, J. A/ur. Chm. Soc., >913, 36, 1624. 

• Gtne and Cal&Wcni, Ann, Piytii, y>20, [4j, (1, 498. 

» Pappadi, Zell Chm. Ind. 'KoUmde, 1911. 2. 270. 

>• Spear and Kahn, J. Amn. Oitm. fl«a, 1918.40,161. t 

II Gangolj and Dhar, Kolloii But., 1922,11. 10. 

“ Spear, Jonee, Kaaie, and Soilager, J. Ann. Chm. Soc., 1021,41, 1386. 
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Platinun^ is sBarcely oxidised at any tempAature by oxygen, 
water, or nitric acid. If very thin platinum foible heated in 
oxygen for sortie weeks at 420-450 3 it (become* covered with a 
small quantity of platinous oxide, whilst platinum sponge is mcjre 
quickly converted into this oxide in Che same manner. 1 

It ia appreciably Attacked by sulphuric acid * at 250°, alfhough 
.very slightly so below 200°, and dissolves to a small extent when 
used for <he electrodes in the electrolysis of sulphuric .acid, 
especially when alternating currents are employed.* The 
dissolving of platinum by sulphuric acid is accounted for by 
the presence of oxygen formed by dissociation of the acid, and 
ia prevented by the presence of reducing agents, such as sulphur 
dioxide or*araenious or antimonious oxides* It is not attacked 
by sulphua alone, although action takes place if alkalis are 
present. These latter, as well as nitre, oxidise the metal, and 
for this feason fusion with alkalis or nitre ought not to bo per¬ 
formed in platinum vessels. 1 It dissolves in potassium cyanide 
solution in the absence of oxygen with evolution of hydrogen, the 
amount dissolved being very small in the cold but increasing 
on heating* Alkali cyanides should not be fused in contact 
with platinum, as theeo likewise attack the metal. It is also 
inadvisable to expose platinum vessels to direct contact with 
burning charcoal, as the silicon reduced from the charcoal-ash 
unites with tho metal, making it brittle and liable to crack. 
Especially to be avoided » contact at a high temperature with 
compounds of the easily reducible metals, as these readily form 
fumble alloys with.the platinum. Phosphorus and arsenic also 
combine with Bested platinum. When platinum vessels are 
heated 1 over a smoky flame, or in one in which the supply of 
air is insufficient to bring about complete combustion, suoh 
as the internal zone of a Bunsen burner, the surface of the 
platinum becomes disintegrated, possibly owing to the succes¬ 
sive formation and decomposition of compounds of the metal 
with carbon from the flame, or, more probably, owing to the 

1 Wohler. Be., 1903, 38, 347S. 

• Conroy, J. HOC. Cktm. Ini., 1903, 22, *455. 

• Muyuolee. Ann. Pky,. Chem., 1896, [21 66, 629; 68, 5*0; Kuer, Ztil. 

Shktrochm., 1903, 9, 235;*1&5, 11, 10; Broohet and Petit, Corny!. rend., 
1905, 149, 656; let. EleHrtxAtm., 1905, Ilf 441; Senter, Trow. Faraday 
Sac., 1907, ft 1. * , 

‘ MoOay, Biyktk Inter. Cony. App. Chem., 1912,1, 361. 

“Sea Nioolardot and Chat*lot, Bvit Sm. ckin., 1919, [*1 26, 4. 

• Glarer, Bet. Bkktnchem., 190ft ft 11; WOhlar, Be., 1903,98, 3478. 
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action of the carbon disulphide present in the gas, for platinum 
takes op sufphur from this compound even at 100®. 1 

, The best method of cleaning a platinum crucible is to fuse in 
, it, some potassium bisulphate (Gmelin), and in order to test 
whether a new platinum crucible be of proper quality it is firct 
boiled with hydrochloric acid and afterwards with pure nitric 
acid. If none of the metal be dissolved the platinum is good. 
• The,, surface of a platinum crucible is beat cleaned- by being 
rubbed with moist animal charcoal, 

Platinum forms alloys with a number of other metals and also 
an amalgam with mercury, » 

Platinum is largely used in dentistry, and also in jowellery, 
. principally for the setting cf atones. For both tteai purposes, 
however, it is now being displaced by palladium.' It is also 
employed largely in the electrical industry, sod its salts are 
applied in photography for the preparation of printing papers 
which yield exceptionally permanent and beautiful prints. It 
is also employed as a catalyst in many reactions, notably in 
thU manufacture of oleum (Vol. I., p. 433). It is used for pro¬ 
tecting other metals, and a pure white deposit is obtained by 
using a boiling solution of 4 grams of chloroplatinic acid, 20 grams 
of ammonium phosphate, 90 grams of -sodium phosphate, and 
5 grams of sodium chloride per litre, 1 The electro-deposition of 
platinum is known as “platinising," The process is used to 
obtain a velvety-black coating on the electrodes of conductivity 
cells by employing the following solution: 3 grams of platinic 
chloride, 0-02-003 gram of lead acetate, and 100 c.c. of water. 


COMPOUNDS OF PLATINUM. 

Putin ra and Oxyqbn. 

640 Three oxides'of this metal are definitely known: platinum 
monoxide or platinous oxide, PtO, giving rise to the platinous 
salts; platinum dioxide or platinic oxide, PtO„ giving rise to 
the platinic salts; and the trioxide, PtO,. In addition, a ses- 
quioxide, Pt,0„ and an oxide, Pt,0 4 , have been described, but 
doubt has been thrown on their existence. 

Platinum Monoxide, PtO, is obtained as a grey powder by the 
careful ignition of the hydroxide, or as a violet powder by 

• tyiiu and Hutmer, 3nl. a**}. Chern., 1910, K. 257. ." 

* Nikolam. Xn'I. EMtncim., '1914, a 181. 
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igniting the compound of pl&tinic oxide ancr lime (vide in/.), 
and treating* the residue with nitric acid. It is aJSo probably 
formed to some extent os already mentioned when platinum ia 
heated for some time in oxygen (Wohler). When strongly heai/id 
it passes into the metal, deflagrating wheh heated with charcoal. 
It ia reduced to platinum black when heated with aqueous 
formic acid, CH,O a , with violent evolution of carbon dioxide, 

PklinaunJIydrnxide, Pt(OH) s , is obtained by decomposing J.ho 
dichloride with hot caustio potash. The whole of the chlorine 
cannot, however, be removed in this wsy, and if caustic soda be 
employed, % product ia obtained from which the soda cannot 
be completely washed out (Liebig). It is prepared in the pwe 
state by mixing one part of potassium platinocbloride, KjPtCl,, 
with twelve parts of water, adding the exact quantity of dilute 
caustic soda necessary for decomposition, and heating the mixture 
to boiling .until the alkaline solution has become neutral. The 
hydroxide retains its water in a remarkable manner; one sample 
contained 6-6 per cent, of water after heating for several days 
at 405° (Wohler). 1 It dissolves in hydrochloric, hydrobromio* 
and sulphurous acids, but not in other oxy-acida, Boding 
caustic potash decomposes it into metal and the dioxide. It is 
an oxidising agent and acts as a weak base, of which the halogon 
salts, as well #b a few double salts of the oxy-acida, have been 
prepared. 

Platinum Dioxide, PtO |( is obtained as a black powder by 
gently heating the corresponding hydroxide. 

Platinum Hydroxide or Plalinic Hydroxide is prepared by 
boiling a solution of platinic chloride with caustio potash, when 
a basic double salt is precipitated, and this is treated with acetic 
acid in order to dissolve out the alkali. In this way it 1 b ob¬ 
tained as an almost white precipitate, which on drying becomes 
yellow. This is termed plalinic acid and probably has the com¬ 
position * H,Pt(0H), = Pt0„4H,0, analogous to platinichloric 
acid, HjPtCl,. PlatinicTiydroxido acts both as a weak bsse and 
as an acid-forming oxide. It dissolves in alkalis and the solutions 
deposit crystalline platinatei such as K,Pt(OH), isoiporphous 
with the stannatls*; they do not lose water at 100-110°, and 
their solutions give w^lia silver acetate a precipitate of 

• 

1 ZtiL unorg. Cim„ 1904, 40, 423. • 

‘ Bellnod, Atti S. Aecai. Lincti, 1903, [81 12, ii., 635; WoUbt, Zeif. anorg, 
CA<ow»1904,40,423; compare Biondcl, Chin. PAjfj., 1908, [SI 8, Bl. 

' Bcilaccd and Parrajano, Atti B. Acted. Lietti, 1905, [6114, i-, 469. 
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Ag,Pt(OH)j. A'ted dish-yellow, partially crystalline powder o( 
the composition NsjO.SPtOj.eHjO is obtained When a dear 
aqneous mixture of ptytinichloric acid and eodium carbonate is 
exposed to sunshine, or when the mixture is heated for some 
time at 100°. The aqueous solution of the two salts may g)so 
be evaporated to dryness, and the residue boiled out with water, 
when a denser precipitate of the same compound is obtained 
having an ochre-yellow coIout. A compound of the composition 
Na,0,5Pt0„9H 2 0 has also been obtained (Blondel). When an 
excess of lime water is added to a solution of plaiinic chloride 
and the mixture exposed to sunlight, a white or yellowish pul- 
vt.’Jent precipitate falls down, to which the name of calcium 
. platinate has been given , 1 its composition corresponding approxi- 
matdy to the formula CaPtjO s ,CaCl f ,7H,0. If the hydroxide 
is boiled with a solution of a polymolybdate, or a polytungstate, 
salts are formed of the complex acids, platinmolybdic acid 
and platintungBtic acid. H g PtW 10 O 3J . These 
acids and their salts form yellow or greenish crystals , 2 
‘ Platino plaiinic Oxide, Pt 3 0 4 , is obtained as a black, insoluble 
powder by heating sodium platinichloride with sodium car¬ 
bonate and extracting with water , 8 whilst platinum sesqutozide, 
Pt,Oj, is obtained as a dark brown powder 4 by heating spongy 
platinum with sodium dioxide, neutralising the alkali, washing, 
and drying at 450°. According to W(Shier, however, these 
substances are not definite oxides; only two oxides of platinum 
exist, and these readily form colloidal solutions and retain 
foreign matter on precipitation. 

Platinum Trioxide, PtO„ is obtained by the electrolysis of a 
solution of platinic hydroxide in 2.V-potassium hydroxide. A 
compound of the composition KjO,3PtO a is thus obtained, 
which, when treated with cold acetic acid, yields the trioxideas a 
brown powder. It readily loses oxygen and slowly evolves 
chlorine from dilute hydrochloric acid . 8 

Platinum and the Halogens. 

641 Platinum Tetrafiuotiie, PtF„ is formal when platinum 
wire is heated to doll redness in a current of fluorine. It is thus 

> Herechsl, HO. Mag., 1832, [2J. 1, 68, 

* Gibb*. Her.,(1877, 10? 1384. 

* Jorgensen, J. pr. Chtm., 1877, [2116. 344. 

» Dudley, AmtrpCUm. J., 1802. 28. 69. 

* Wohler end Mertto, «r„ 1909. 48, 3328. 
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obtained as a deep red-coloured, fused mass, which yields chamois- 
yellow crystals. It is extremely hygroscopic, and*when added 
to water it first gives a tawny coloration, then heat is rapidly 
developed and decomposition occurs with formation of hydrogen 
fluoride and hydrated platinum dioxid#. Very dilute solutions 
are more stable, but tbe same reaction takes place immediately 
if they are heated. When the anhydrous snhstance is heated 
it yields fluorine and leaves crystalline platinum. 1 

In the preparation of the tetrafluoride the difiuoride, PtF t , is Idso 
formed in entail quantities asa greenish-yellow, insoluble Bubetance. 

Phosphojus pentafiuoride acts on spongy platinum at a rod 
heat to form volatile crystals of the formula PF s ,PtF,. J 

Platinum Mbnochloriek, PtCl—When a solution of potassium 
platiniohlorjde in 10,000 parts of water is heated for some days, 
a yellow, non-crystalline precipitate is formed which probably 
consists of hydrated platinum monochloride,* PtCl. 

Platirum Chloride or Platinum Diehloride, PtCl* is fortned 
when platinichloric acid, H,PtCl 4 , obtained by dissolving the 
metal in aqua regia and crystallising, is heated to 300°, or 
when spongy platinum is heated in a current of dry chlorine to 
between 240° and 250°. 4 It is a greenish-grey powder, having 
a specific gravity of 5$7. It is not readily moistened with 
wateT, and i* insoluble in this liquid. On heating it decomposes 
into platinum and chlorine. 6 

Platinum diohloride unites with phosphorus trichloride to 
form the compound PtCl*PCl 3 , which is obtained by heating 
spongy platinum with pentaobloride of phosphorus to 260°. 
The product is tasily soluble in benzene or chloroform, and 
crystallises therefrom in fine brown needles. When these are 
dissolved in water and the solution is evaporated in a vacuum, 
orange-yellow, deliquescent prisms of c hlarcrplatinophosphoroui 
acid, PtCl,,P(OII)„ are obtained. This has an acid metallio 
taste, and yields a white precipitate with silver nitrate and a 
yellow one with lead acetate. Correspon din g salts of the alkali 
metals have not been prepared, since hydroxides and carbonates 

decompose the acid. 

• • * 

' Moieetn, Campt. rend., 1889, 108, 807; Ann. dim. Plye., 1891, [#1 
84, 287. , • 

• Motaao. Suit. Soc. dim.. 1891, [31 6, 454, 

• Soutedt, Pros. Clem, floe., 1898p2& See eleo Wfihler and Streioher, fler, 
1913, 48. 1591. 

4 tohfltienberger, Ann. Chim. Pipe., 1879, (*1 8L 351, 

• Bern Sbetuioue, Jour*. Clem. See., 1892, 8L 440. 
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The foregoing (tempoand readily takes op spotter molecule 
of phosphorus trichloride, forming PtQ^PCI,, whioh may 
likewise be crystallised from chloroform or beneene in large, 
deliquescent prjsms; t&se melt at 190°, and when strongly 
heated give off phosphorus trichloride. If they are allowed tj> 
remain in contact with water at a winter, temperature, or if 
their solution be evaporated at a low temperature in a vacuum, 
very deliquescent, yellow needle* are obtained of chlorcrplatinc- 
iijmsphorout acid, | > tCl,,2P(OE) ] , and this readily undergoes 
decomposition at 12 °, with evolution of hydrogen chloride, into 
th© compound PtC10P,(OH),. This latter forms whije crystals, 
is 1 ms deliquescent than the former compounds, and when 
heated to 150° is converted into a light yellow, nou-deliquescent 
powder having the composition PtCIO,P,(OH),. The solution 
of this compound, like the preceding, is precipitated by silver 
nitrate . 1 

Carbonyl Plalinochlorides or Chloroplati»iles.~V/ken platinous 
chloride is heated to a temperature of 260° in a current of carbon 
monoxide there are formed: PtCl„2COCl„ PtCI„CO, PtCl tl 2CO, 
2PtCI 1 ,3CO. The last named is produced in largest quantity 
and is obtained pure by boiling the crude product with carbon 
tetrachloride. In this way fine orange ; yellow needles melting 
at 130° are obtained; these when heated to from 250° to 200° 
in dry carbon dioxide yield the compound PtClj.CO in fine 
needles which melt at 194° and may be partially sublimed in 
a current of dry carbon dioxide at 240°. At 300° they decompose 
into carbonyl chloride, COC1,, and platinum. When this com¬ 
pound, or the crude product, is heated to 160° in carbon monoxide, 
the compound PtC!„2CO sublimes in white needles whiqh melt 
at 142°.* All these compounds are decomposed by water to 
give the metal, carbon dioxide, and hydrochloric acid. 

642 The Plalinochlorida or ChlorojkiUnites.—'Xh.e solution of 
platinous chloride in hydrochloric acid may be regarded as 
platinochloric or Morcplatinous acid, EJItCJJ. The potassium 
salt is the usual starting point for the preparation of this com¬ 
pound and its salts.* 

Potassium Plolinochloride; KJ'tCl 1 —This salt, which waa 

* 

1 8ciM.enbe.pr, BuO. Sx.tbm., 1ST*, [*], 47, 482; 18,1S3; Ro«J«in 
and Uvnutunm, ZtiL sacrf. Cbm., IB'S. 87, 894. 

• 8ohBt.eob.rpr, -4»». Pifi., 1888, [41 U, 100, wd 1870, U, 5*5; 

Pollioger, I«r> Cbm. Soe, MS. 

• Tbonura, J. pr. Cbm., 1877. ftl U, |94. 
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first prepared by* Magnus, 1 is easily obtained by adding moist 
cuprous chloride to. a thick paste of potassium platiniohloride, 
KjPtG,, and water, in such quantity that a small portion' 
remains unreduced. On cooling the filtered liquid, the greater 
portion of the platinoohloride separates out, the mother-liquor 
yielding a second crop on concentration, whilst the remainder 
of the salt is precipitated from the last portion of the liquor 
with alcohol* These various crops are then washed with alcohol, 
and the pure salt is obtained by recrystallisation from hot water. 
It forms soft, rose-coloured, crystalline fibres. It may also be 
prepared by Vducing a hot solution of platinichloric acid witfc 
sulphur dioxide jintil a sample gives no precipitate with ammo¬ 
nium chloride, and then adding a hot solution of potassium 
chloride. On* cooling, potassium platinochloride separates out 
and is washed with alcohol and dried in absence of light. 2 When 
the requisite quantity of platinichloric acid is added to the hot 
saturated solution of this salt potassium platinichlorida is pre¬ 
cipitated and an almost pure solution of platinochlcftc acid fc 
H,PtC3„ is obtained. The same acid is produced by treating 
the barium salt with dilute sulphurio add. On evaporation in 
a vacuum over sulphuric add or caustic potaah, a solid compound 
separates out which drios *ith loss of hydrogen chloride, forming 
a brown, amorphous mass of H,Pt(0H)Cl„H,0.’ By dissolving 
oxides, hydroxides, carbonates, or chlorides in the add a series 
of compounds is obtained (Nilson). 

Ammonium Plalinochloride, (NH^PtCS* described first by 
Vauquelin and afterwards by Peyronne, crystallises from solu¬ 
tion in hot water inlarge, red, four-sided prisms or in thin tablets. 

Most ot the other platinochlorides crystallise with water in 
fine red or brown crystals which are often deliquescent; some, 
such "as the silver Balt, Ag,PtCl 4 , and the lead Balt, PbPtCl|, 
are flesh-coloured precipitates. 

Platinum Trichloride, PtCl s is obtained by heating platinic 
chloride in dry chlorine at 390°. It is a dark green, nearly 
black powder, which dissolves very slowly in cold water but 
more readily on bqjling to give a reddish-brown solution. Hot 
concentrated hydrochlorio acid decomposes it into a mixture 
of the diohloride and tetracJdoride. 4 

* Pon- Am., I8S8. H *41. 

* KImoo, Ber„ 1904, 87, 1360. 

» Nikon, J. pr. CW, 1577, PI 15, »0. 

* Wohler and Mutin, Bo., 1909,48, 3948. 
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Platinio ,C«orids or Platinum TdncUorvU, PtO*—When 
metallic platinum ia heated in a current of ohlorine it ia attacked 
and this compound if slowly formed. The action diminishes 
when the temperature j* raised, as the tetrachloride decomposes 
into metal and chlorine at 370 s . 1 If, however, the temperature 
be raised to 1300°, the formation of tetrachloride reoommanoes; 
arid if an excess of chlorine be employed and the temperature 
railed to 1700°, the action becomes rapid and a yellow sublimate 
of tetrachloride is' deposited. 1 The jame reaotion occurs if a 
spiral platinum, wire be heated by an electric current nearly 
tjjjte melting point in a stream of chlorine. At the thick end 
of the wire crystals of metallic platinum are deposited. These 
axe not formed owing to any volatility of the metal, but are 
produced by the alternate production and decomposition of the 
tetrachloride.* The anhydrous chloride is formed also when 
oryatallioe platinichlorio acid is dried over sulphuric acid and . 
then boated to 369° in a current of chlorine* or at 166° in a 
jurrent bf hydrogen chloride* 

By mixing solutions of aqueous platinichlorio acid and silver 
nitrate in the proportion of one molecule of the former to two 
of silver nitrate, a precipitate of silver p la tini chloride is thrown 
down, which is decomposed by hot Vater into silver chloride 
and platinic chloride. The yellowish-red solution yields on 
evaporation over sulphuric acid fine, red, apparently monodinic, 
crystals of the composition PtO^GHjO. They are not deliques¬ 
cent, and their concentrated eolation is only slowly precipitated 
by ammonium chloride on standing.* The crystals are oca- 
verted by ammonia into the add FtCIfOH}^.* According to 
Hiolati, platinum tetrachloride in aqueous solution is present, 
as the dibasic acid, H,PtCl ( (0H),, and salts have been prepared 
corresponding to this acid which are amorphous powders.*" 

Hydrates containing one, four, and eeven molecules of water 
have also been prepared. » 

Plalvnickloric Aoid or Chlonplatinic Acid, HJPtClJ—This 

> W&U>ruid fitnldur, fire, 1913, 48, 1891. 

'•Troort *nd Hsotsfaulll*, Ojmft. rnd., 1887, 84, 948; Lsngw Uni Jhyw. 
fiwocAm. Unkrruchngrm, p. 87. 

- * Hodgkin*™ tad Lovndw, .Vulure, 18b8.8ft I. 

* Pigeon, Com*, mi. 1890, U0, 77; 1891,lift 1*18; Oim. 

1891, [71 ft 433; Ontbkt u^l H»bri&, Zexi. amerg. CW, 1913, tt, *78. 

1 Polling#?, Jom. Cbm. fi*„ 189*, 0,4**. 

* Horton, iW., 187S, Mi 880# . 

• Jargmjun, J. ft. Cbm., 1877, [*],«, 348. 

• ZtU. anorj. Cbm, 1900, 8ft 448. Sn ties KnUrwuoi, Zvi. f&yi i h l , 
Cbm., l»e, 88. 3i\. 
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compound, which is often erroneously called platinum chloride, 
is obtained by dissolving the metal in aqua regia and evaporating 
with hydrochloric add until all nitric add ia removed . 1 It 
arygfcalhsea in brownish-Ved, very deliquescent prisma having 
tha composition H,PtCI„6H,0. If the solution be repeatedly 
evaporated with aqua regia, nitrosoplatinic chloride, (NO) s rtCl ( , 
is formed. This crystallises in small, orange-coloured cubes 
and is very deliquescent, dissolving in water with evolution of 
nitric oxide, Chloroplatinic acid made by the action of aqua 
regia on platinum may 'therefore be contaminated with this 
oompound «f the evaporation with hydrochloric acid be not 
carried far enough. Pure chloroplatinic acid may be obtained 
by treating platinum black, which has not been ignited, with 
hydrochloric* add at 50° to 60°, and slowly adding hydrogen 
peroxide when chlorine is evolved apd the platinum passes 
into solutfbn . 1 Platinum sponge may also be dissolved in hydro¬ 
chloric add saturated with chlorine.* Platinum in any fcnn 
is readily attacked by a mixture of chloric and hydrochloric 
adds . 4 The add may also be prepared by electrolysing a sus¬ 
pension of finely divided platinum in concentrated hydrochloric 
acid between platinum electrodes, when the chlorine evolved 
at the anode attacks the finely divided metal, forming platinic 
chloride, whiih dissolves in the hydrochloric acid to form chloro- 
platinic acid . 5 

The hydrogen in platinichloric add can be readily replaced 
by metals, giving a series of crystalline salts termed the plalini- 
chlorides or chforoplQtinalei, of which the most important are 
those of the alltali metals, their widely differing solubilities 
rendering them very valuable in analytical chemistry. 

Polailium Platinichlorvk or Poiastium CMor&plalinate, 
KjPtCl,, is thrown down, on the addition of potash or a potassium 
salt to the acid, in the form of a yellow, crystalline precipitate 
which is deposited frojn solution in hot water in the form of 
small, reddish-yellow octahedra, having a specific gravity of 
3-686. It undergoes hydrolysis, very rapidly even in the dark 
with concentrated solutions, but only on exposure to light in 
dilute solution. 4 

» Bee Tingle and Tingle,' J. flee. Cion. /**, 1916, «, 77. 

1 Rndnlck and Cooke, J. AmerPCAem. 8oc„ 1917, 89, 633. 

■ DUtmar and MaoAiihnr, Trow. fioy. fisc. Eiin., 1888,88, [2J, S81. 

*• Zappi, Ami. fit. Q*<m. Arjntina, IjlS, 8, 68. 

• Weber, J. Amt. dm. See. ,.1906, 80, 89. 

* Archibald, J. Ohem. 8oc 18*0, U7, lllH. 
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It in insoluble £n a saturated solution of potassium chloride u 
well as in sJcohoI. It dissolves in caustic potash and is pre¬ 
cipitated from the solution on the addition of adds. 

Sodium PWinicMoride, h’a,PtO„6H,0, is obtained by 
evaporating the acid with common salt, when light red, triclimo 
prisma or tablets are deposited which have a specific gravity of 
2-499. These become anhydrous at 100°, falling to a yellowish- 
reel powder, readily soluble in water and alcohol, . 

lithium Platinichloride, LijPtCl^fiH,!), crystallises in large, 
efflorescent, orange-yellow plates, easily soluble in water and in a 
mixture of alcohol and ether, but not in pure ether. <- 
<Jkhidiumaiid Cmium PhlinicMoridts, Rb,PtO, and Cs,PtCl,i 
closely resemble the potassium salt, but are lees ediubJe, One 
hundred parts of water dissolve the following amounts of the 
three salt*: 


At 

20* 

40* 

80* 

80® 

100® 

K,pta,. . 

. M2 

1-76 

2-61 

3-79 

6-18 parts. 

Bb.Ptq, . 

. 0141 

0166 

0258 

0417 

0634 „ 

•cs,pta, . 

. 0070 

0142 

0213 

0291 

0-377 „ 

Ammonium PlatiniMoride, (NH 4 )jPtCl^ 

is obtained by pre- 


cipitating the acid with an ammonium salt as a lemon-yellow, 
crystalline powder which crystallises from hot water in orange- 
yellow octahedra; these have a specific gravity of S-0, and are 
indistinguishable in appearance from the potassium salt. One 
hundred grams of water dissolve 0-365 gram of the salt at 0° 
and 3-25 grams at 100”. l It is not soluble either in alcohol or 
ether, and scarcely soluble in a solution of Ummoniam chloride. 
On heating, it decomposes without fusion, leaving pure platinum 
sponge behind. 5 . 

Other acids and their corresponding Balts have been prep Eyed 
which may be regarded * as being intermediate between platinio 
acid, Hj[Pt(0H)J, and platinichloric acid, HjfPtGJ, and to these 
compounds may be ascribed formule such as H,[Pt{0H) e Cl] and 

lyptcyoH)].' 

Platinous Bromide, PtBr„ is obtained by heatiDg platim- 
bromio acid to 280°, and forms a brown ma8» which dissolves 
with a brownish-red colour. If boiling saturated solutions of 
potassium platinichloridj and potasaiflm bromide are mized, 

> Archibald and Kem, Tnm^Sey. Sot. Caado, 1917-18, (8), 11, 7. 

■ Sw Wkban, 1. Amr. Chm. See., 19S1, 48, 1188. 

• Mfalaii ud Bello* 1, AUi B.>Aeeei. Lira,, 1900, [S], 9, U.. 140; 1903, 
pi 11. 1L, 241,271; Bs3 and Jercoh, Bed, 1818,48,920. 
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double decomposition occurs, and tie potassium .chloride may 
be separated from the potaisium jdatinobrmi<k, K^PtBr,, by 
• crystallisation. The latter forms lar^., nearly black pyramids 
or brownish-red needlea (Thomsen). It unites with carbon 
monoxide, forming a compound, PtBr^CO (Pullinger). 

Plalinic Bromide, PtBr 4 ,—Bromine acta upon platinum at 
different temperatures in the same way as chlorine. The tetra- 
bromide la beet obtained by heating spongy platinum°<with 
bromine and hydrobromic acid to 180°, ovaporating the solution, 
and drying the residue at 180°. It is a brownish-black, deli¬ 
quescent powder, nearly insoluble in water, but readily pdlgble 
in alcohol^n Aether, yielding a brown solution . 1 When platinum 
is dissolved in a mixture of nitric and hydrobromic acide, and 
the concentrated solution allowed to evaporate over quick lime, 
dark red, monoclinic prisms of plalinibromic acid, H a PtBr 4 ,9H s O, 
are deposited, which are very deliquescent. The compound 
is also made in the pure state by evaporating pure platinic 
chloride several times with concentrated hydrobromic acid^on 
the water-bath.* This acid gives rise to a series of platini- 
bromideB corresponding to the platinichlorides, moet of which 
possess a red colour. 

Tktinous Iodide, Pt%, is foraed by warming the chloride 
with a solution of potassium iodide, or, with liberation of iodine, 
when excess of potassium iodide is added to a solution of potassium 
platinichloride. This reaction has been used as a method of 
estimating platinum.’ It is a black powder closely resembling 
lamp-black in appd&rance. It forms a carbonyl, PtI„CO. 

Platinic Iodide, Ptl 4 , is a black ot brownish-black, amorphous 
powder obtained by the action of hydriodic acid on a soluble 
platinichloride. Platiniodic acid, HjPtI tl 9H,0, easily decom¬ 
poses into water, hydriodic acid, and platinic iodide. The 
plaliniodides are brown, and possess a metallic lustre; they are 
soluble in water, anc> are very unstable, giving off iodine at 
a temperature below 100 °. 

• t. 

Platinum and the Elements ‘of the Sulphur Group. 

643 Platinum Monosjdphide, PtS, is formed when platinum 
sponge is heated with sulphur in a vacuous glass tube, or when 

» V. Msjer ud ZOblin. Sa., 1880, 03, A; HaJbentadt, ibid., 1884, 17, 
298?. t ’ 

* Gotblsr, Kraora, and yon MaUv, Cbm. Zenlr., 1914, [1J 1162. 

' Potoryoc, Zeit. awry. Cbm., 1898, U, 69. 
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platinous chloride is fused with sodium carbonate and sulphur, 
and the mass extracted with water. It forms a green powder 
or a mass of glistening needles. 1 When heated in the air it 
decomposes, leaving a Residue of platinum, and when ignited 
in hydrogen it yields sulphuretted hydrogen and spongy platinuifi. 
The carbonyl, Pt8,C0, is precipitated by the action of hydrogen 
sulpJiide on a solution of PtQ,,CO. 

Piainum Disulphide, PtSj, is formed as a steel-grfiy powder 
by heating ammonium platiniohloride with sulphur tp a dark red 
heat. When sulphuretted hydrogen is passed through a solution 
of a pl atinic salt a black precipitate of sulphide is fikt formed, 
butthis by further action of the gas becomes light bpwn, from 
formation of hydrogen platinum sulphide, a compound which 
on exposure to the air again gives of! sulphuretted hydrogen. 
.The disulphide may be obtained pure by precipitating a solution 
of pptassinm platinichloride at 90° with sulphuretted hydrogen, 
and drying at 70-80° in an atmosphere of nitrogen.* The pre¬ 
cipitation af platinum by hydrogen sulphide is not quantitative ' 
owing to the formation of a stable colloidal solution of the sulphide. 
The hydrosol is, however, oonverted into an insoluble hydrogel 
in the presence of magnesium chloride.’ 

Platinum disulphide combines with basic sulphides and there¬ 
fore dissolves in the sulphide* of the alkali metals. ' 

Potassium PkUinothioplatinate, ’K l Pt 1 S a — K s S,3PtS,PtS f , is 
obtained by fusing together platinum sponge, potash, and 
sulphur, and lixiviating the mass with water. It then separates 
in the form of hard, six-sided tablets, which op heating in the 
air bum like tinder. Dilute sulphuric acid converts it into 
HjPtjS,, and this on exposure to air oxidises to plgtinum 
sesquisulphide, PtjS„ forming a steel-grey, crystalline powder. 

Di-sodium Plaiinothioplalinate, Na 4 Pl^S t = 2NajS,2PtS,Ptfe^ 
is obtained in a similar way to the preceding compound, and 
forms pale copper-red, thin, orystalline needles which are con¬ 
verted by hydrochloric acid, without alteration of form, into a 
reddish-brown compound, I^PtjS* which caddises extremely 
quickly in the air to give tha sesquisulphide. 4 . 

A compound of the formula Pt8, J {SH J ) JI 2H a O has been 

a 

> Debrayand Deeille. CoeijSW, 1874 89.687. 

• Antony and Loco be si, Oaa.,*16fle, 28, 1., 211. 

• I.anor, J. Sum. Pkjn. Cbm. §<*., 1916, 48, 627. See ales 0a», tym. 

1913, [li 464. , 

« Schneider, Pot). An*., 1866,188. AM. 
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prepared by the* action of ammonium polyshlphide on platini- 
ohloric add , 1 and forma large, red, rhombic crystaL. 

Pdamvtm Pfolinosulpfiite, KjPtfSOj^HjO.—A Bolution o 
potassium platinochloride becomes dejolorised when warm® 
wfth add potassium sulphite, the above salt separating ouftron 
the Bolution in yellowish or colourless needles. Sodium salts pre 
cipitate todium platinmdpkite, Na { Pt(SO,)„7H i O l from 'ihi 
solution ifl microscopic needles. Ammonium phtinosulphite 
(NHJjPtiSQs),, is obtained by similar means. 

These compounds must be regarded as salts of complex acids 
since they <fo not show the ordinary reactions for either playpen 
or sulphurous afcid. 

Sodium platinothiondphate, Na 4 Pt(Sj0 3 ) tl 10H,0.—Reductioi 
of sodium fllatioichloride with excess of sodium hyposulphite 
gives a reddish-brown solution which on evaporation yields firs 
a reddish-brown precipitate of complex sodium platinosulphite. 
with sodium platinothioplatinate, Na a Pt,S,, then reddish-browi 
crystals of Na 4 Pt(S0 3 ),(0H)„II 2 0 and, finally, bright yelloy 
crystals of sodium platinothiosulphate . 1 

Platinic Sulphate, Pt{S0 4 ) a , is obtained as a brown mass b; 
acting on tho hydroxide or chloride with sulphuric acid am 
evaporating the Bolution! 

Platinum 'Sdenide- Spongy platinum when heated unite 
with Belenium with incandescence, forming a grey, infusibl 
powder; this, when heated before the blowpipe, loses the whol 
of its selenium. Platinum also unites with tellurium * to forn 
the tellurides, PtjJef PtTe, and PtTe,. 

Platinum and the Elements of hie Nitrogen Group. 

644 The Platinonitriia or Nilnto-jAatinites .—These com¬ 
pounds aro probably analogous in composition to the ammo- 
niacal derivatives corresponding to the platinous salts (p. 1481) 
and behave, not as double salts, but as Balts of a complex acid, 
since they do not show the nsnal reactions either of platinum 
salts or nitrites. They wero first described by I^ng , 4 and 
afterwards investigated more completely by Nilson.* 

PoUutirtm Platinonitritf*K^Pt(SO t )„ is obtained when solu- 

> Hofnuna and H5c*kn, BerJlWi, 88. 3090. 

* Sailor, Zfit. anerg. Chttn., 1RI, 118, 209. 

* Rowder, ZtiL swp. C*op, 1897, 28 406. 

‘ J. pr. dm., 1861, 88, 418, 

* &r„ 1876, 8 1722; 1877,10. 944, 
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tiona of pctfaasium nitrite and potassium plstmoeUorida are 
vanned together. It is deposited in the form of small, glisten¬ 
ing, six-sided prisms, which dissolve in ,27 parts of water at 16“, 
and at a higher temperature in a smaller quantity. Alkalis do 
not precipitate platinum oxide, and sulphuretted hydrogen 
does not precipitate sulphide of platinum from its solution. 
WKen the solution is allowed to evaporate spontaneously, rbom- 
bio'tablets having the composition K,R(NO a )^,2H 2 X) separate 
out, which effloresce rapidly. It readily combines .with a mole- 
‘ cule of chlorine or bromine, 1 and forma with dry liquid nitrogen 
p qry ride the compound KjPt(N0 a ) 4> N a 0 4l and with cold con¬ 
centrated hydrochloric add the oompound K a Pt(NQ a ) 4 ,HCl.* 

Silver Plal\nonitrite, AgjPt(NO a ) 4 , is obtained when solutions 
of the potassium salt and silver nitrate are mixed.' On recrys- 
. tallising the precipitated salt from hot water, large, yellow, 
glistening, monoolinio prisms are obtained, which on heating 
decompose with incandescence and detonation. 

% Bariunt Platinonitnit, BaPt(N0,) 4l 3H,0, is obtained by 
decomposing the silver salt with barium chloride. It crystallises 
from solution in hot water in colourless octahedra. If this salt 
be decomposed by dilute sulphuric acid, and the solution evapor¬ 
ated in a vacuum over caustic potash, microscopic crystals 
having the colour of chromium trioxide separate out; these 
possess, according to Lang, the composition H,Pt(N0 a ) 4 . Nikon 
however, was unable to obtain this oompound. The solution 
yielded, on evaporation, a gummy mass and a green, glistening 
residue having the composition f^PtjOfNOJ^HiO, and this 
on neutralisation with potash and evaporation, yielded the 
potassium salt, K 4 PtjO(NO,)„2H a O, in oblique, four-sided, 
glistening, light-yellow tablets. , 

Fulminating Platinum. —E. v. Meyer has examined a series 
of explosive compounds obtained by acting upon ammonium 
platinichloride with potash, the existent* of BOme of which was 
pointed out long ago by Proust and Dflbereiner. Their con¬ 
stitution is as yet unknown; the yellow precipitate obtained on 
heating abimonium platinichloride with potash has the com¬ 
position PtClNH e O a .‘ 

1 Biom! trend, J. pr. Ck«* 1871, [21 8, 207; Vista, Compt. rmd., 1891, 
112, 818; 1U, 696. * 

* Miolati, Alii It. Auai. lincti, 1896, [6], 6, ii., 366. 

• J. pr. Chm., 1878, [21.18. SC*. 
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Ajotoniacax Platinum Compounds! 

645 As already stated (p. 1423), tile various platinum salts 
are capable of forming complex compounds with ammonia.' 
The first of these compounds was obtained in 1828 by rfftgnua 1 
by the action of 'ammonia on platinous chloride as a green, 
insoluble salt haying the empirical composition Ptfl,(]vH a ) t 
which is*usually known as Magnus’ green salt. Gres’"then 
obtained a^erfes of light yellow or colourless 9alts by the action 
of nitric acid upon the green salt of Magnus. Rciset 8 and 
Peyronne * independently found that by the action of anyp^nia 
on Magmy’ gfeen salt, or on platinous chloride, two otheT series 
of compounds could be obtained. These were distinguished 
as the chlorides of Reisct’s first and second bases. Peyronne 
showed that Magnus’ salt is & platinicbloride of the second base. 
Further investigations of these compounds, and theoretical 
speculations concerning their constitution, have been mado by 
various other chemists . 8 • . 

These derivatives exist in two series, in which the platinum is 
divalent and tetravalent respectively. 

In the platinous series, the metal is capable of combining 
with or co-ordinating only 4 molecules or radicles to form the 
oharaoteristfc complex radicle, and the maximum number of 
external acid radiclos is 2, since the platinum fo divalent. 

In the platinic series, on the other hand, the metal, like 
chromium, is capable of forming a complex radicle with 6 mole - 
0 tiles or radicles^ bet, platinum being in these salts tetravalent, 
the maximum number of external acid radicles is 4, instead of 
3 as iij’the derivatives of trivalent chromium. . 

It is characteristic of the platinum aeries that the free hydr¬ 
oxides from which the salts are derived are in many cases stable 
substances, whereas this is rarely the case in the chromium 
and cobalt series. • 

' Pogg. Ann., 1828.14, 204. 

» Am. dim. Phyt., 1838, pi 69, 204. 

* Ibii., 1844, [3]. U. 417; Corny!. r»A„1840,10, 870; 1844,18, 1|03. 

‘ Ibid., 1844. [3], 12, 193; 184S,, [31,18 462. 

1 Raewfky, Ann. dun. Pfljwi 1844, [SI, 12, 278; Gerbudt, Compt. rend,, 
I860, 81, 244; Buokton, Amtin, 1852, 84, 22®; Tkomeen, Ber., 1870, 8, 42; 
Odling, Ber., 1870, 8. 42; Blomrtrwi, Bit.. 1871, 4, 873; Clew, Bull. Sot. 
ckim., 1887, [21 7, 12; 1871,12, 181 ; 18, 2W; 1872.17, 289; Cwm, Journ. 
Chan. 8oc„ 1887,82, 842; 1898. 70, ti„ 25; : Ber., 1890,28, 2508; Zflt ™j. 
Cbm., 1891, 1, 05; Werner, ibid., {893, 8, 267; 1896, 8, 183; 1898, & 48; 
•m sbo reference* (Iren under ckromlnm (p. 1088). 
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The Mowjpg are the chief series of these derivatives which 
have been described, X and B being monovalent acid and basic 
radicles respectively, ‘ 

Plaiihous Compounds. 

1. Tetrammine-pl&tinoua compounds, [(NIf a )jPt]X 4 . 

‘ (Platn-diamminp.) 

2. ‘ Triammine-platinous compounds, [X(NH,),Pt]Xr 
, 3. Diammine-platinous compounds, (X a (NH a ) s Ptl.* 

(Platosaromine and platosemidiammine.) 

frtlonammine-platmous compounds, [X,(NH,)Pt]R. 

(Platoeemiammine.) * ' 

Putinjc Compounds. 

1. ( Hexammine-platimc compounds, [(NHJjPtJX* ' 

(Drechsel’a base.) 

2. Pentaounine-platinic compounds; unknown. 

3. Tetrammine-platinic compounds, [X^NH^P^Xj. 

(Platin-diamraine.) 

4. Triaminine-platinic oorapounda, |X a (NHj) a Pt]X. 

(Platinmonodiammine.) 

5. Diammine-platinic compounds, [X 4 (NH a ) 8 Pt[. ’ 

(Platinammine and platinsemidiammine.) 

6 . Monammine-platinic compounds, [X 5 (NH 3 )Pt]R. 

{Platiniaemiammine.) 

• • 

Magnus' Green Sail, [{NH,) 4 Pt][PtCl 4 l, which is the starting- 
point for the preparation of these derivatives, is made ‘by the 
action of ammonia on pktinous chloride, and when boiled with 
ammonia passes into tetrammine-pktinous chloride, [(NfljljPtJM,. 

The tetrammine salts lose ammonia when heated, thus yielding 
the symmetrical diammine compounds* (platosammine salts), 
whilst the isomeric asymmetrical compounds (platosemidiammine 
salta) are formed by the moderate action of ammonia on the 
platioous salta. The platinic salts are formed by the oxidation 
of the corresponding platinous derivatives. The diammine 
compounds of both the platinous and»platinic series can exist 
in two geometrically iscmepc forms (p. 1092). 

In addition to the classes of compounds already mentioned, 
several others have been described containing organic substi¬ 
tuted ammonias in the complex radicle, and also compounds 
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tli* members of which contain more than oni atom of platinum, 
little is known o! these latter compounds; for a detailed descrip¬ 
tion reference must be made to the original papers. , 

* Platinum and Phosphorus and Arsenic. " 

« i 

646 Platinum and Phosphorus— These two elements, fuse 
together .readily. If finely divided platinum be heated in the 
vapour of phosphorus it burns with evolution of light to ‘form 
platinum diphospkide, PtP,, which is a bright mass with a 
metallic Jjistre, not attacked by hydrochloric acid, but easily 
dissolved by, ammonia (Schrotter). According to Granger, 1 
the phosphidft, PtjP 6 , is formed at the same time, and this com¬ 
pound is qlso obtained if platinum be heated at about 600° in 
phosphorus vapour. 

Spongy platinum and arsenic unite with incandescence. The 
brittle alloy, PtAs,, loses all its arsenic on ignition. Platinum 
forms brittle alloys also with antimony, bismuth, and vanadium. 

a 

Platinum and Carbon. 

647 Platinous Cyanide, Pt(CN)„ is obtained as a pale yellow 
precipitate on the addition of mercurio cyanide to an alkali 
platinochloride solution. It is insoluble in acids and alkalis, 
and on heating it hums, leaving platinum. 

Platinocyanic Acid, HJPtCy,], is obtained by decomposing 
the copper or mercury salt with sulphuretted hydrogen* or by 
decomposing thp barium salt with dilute sulphuric acid.* After 
evaporating to dryness, the residue is treated with a mixture of 
alcohpl and ether, and the etheieal solution allowed to evaporate 
spontaneously, when fine cinnahar-red prisms, exhibiting a 
splendid blue colour by reflected light, are obtained. Theee 
have the composition HjPtCy^fiHjO. Sometimes yellowish- 
green crystals, havings copper-red or golden lustre, are obtained 
which contain more water. When heated to 100° they beoome 
yellow, and they decompose at temperature* above 140°. They 
are deliquescent, yielding a colourless solution in alcohol; the 
aqueous solution decomposes carbonates, 

Potassium PlatinocyAHide, K s PtCy^l2H,0, is formed when a 
mixture of equal parts oft spongy platinum and potassium 

» Corny!, raid., 18W, US, 1SW. 

• Qotdret, AsMhm 1847, 93 1M? 1898, 86, 849; 1849, 70, 300. 

• WeteUky, /. yr. Cbm., 1899, 86. S78. 
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fenocyanide is heated nearly to redneas in a crtfAible,, the maw 
dissolved in wi^er, and the filtrate evaporated (Gmelin), or when 
pi^tinoufl chloride is di^olved in potassium cyanide. 1 It is 
, also obtained bj dissolving ammonium platinichloride together 
with carstio potash in a boding concentrated solution o! potassium 
cyanide. The liquid is boiled until no further evolution of am- 
monyi takes place, when the salt crystallises out. 1 This is also 
formpd when spongy platinum is boiled with a solution cf potass¬ 
ium cyanide, or when a mixture of these two substances is heated 
ai 600° to €00° in steam (Deville and Debray): 

^,,4KGy + Pt + 2H,0 - K,PtCy 4 + 2KOH_+ ft,. 

It forma long, yellow, rhombic prisms, exhibiting a blue, metallic 
lustre by reflected light, and it is very readily soluble in water. 
If the hot solution be saturated with chlorine, or boiled with 
aqua regia, colourless prisms of potassium cMoroptalinicyanide, 
KjPtCyjClj^HjO, are obtained on evaporation. If this solution 
be mixed ijuhe right proportion with potassium platinocyanide 
a double salt of the composition 5KjPtCy 4 ,iyt(> 4 Cl,,2lH,0 is 
obtained crystallising in magnificent green prisms which exhibit a 
copper-red lustre by reflected light and are soluble in water. This 
salt is formed also when potassum platinocyanide is treated 
with a moderate quantity of chlorine.* In alkaline* solution it 
acts as an oiidising agent, potassium hypochlorite being formed: 

6 K,PtCy JJ K,PtCy 4 Cl 1 + 2KOH = 6K,PtCy 4 + KOCI + 

KC1 + H,0. 

Barium Platinocyanide, BaPtCy^lHjO, was first obtained 
by passing hydrocyanic acid into water containing pla\inons 
chloride and barium carbonate in suspension,* It can also be 
readily obtained by decomposing the copper salt by baryte 
water, or by adding the calculated quantity of barium hydroxide 
and hydrocyanic acid to a solution of platinichloric acid, and 
treating the warm mixture with sulphur dioxide until colour¬ 
less. The barium sulphate formed is filtered off and the solu¬ 
tion copied,-when barium platinocyanide separates out and may 
be purified by recrystallisation from water. This method of 
preparation serves as a means of separating platinum from 

> Knop, X)i»aJoMi64J, 4&*111. 

• JUrtio*, ^ualn, 1861,117, SS7. 

• Hsdsw, Jovrt. Ohn. Sot., 1961, It, 106. 

< Wowttj, J. y CU, lfofl, 6>, 276. 
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iridium, the compound of the latter metal remaining in solution.* 
Barium platinocyanide forms large, rhombic cry&tals which 
exhibit a green and sulphur-yellow dichroiam. By crystallising 
the salt from solution in the presence of a small quantity, qf 
barium cyanide or barium hydroxide Levy* obtained rpple- 
green crystals, whilst jn the presence of a small amount of hydro¬ 
gen cyanide or other acida golden-yellow crystals were produced. 
The crystals also differed in their fluorescent properties apd 
slightly in* density, but their crystalline form was identical. 
Levy regards the two forms as isomers differing in the manner • 
in whioh th^ water molecules are grouped, but it is possible that 
the differences in properties may be accounted for by the preseude 
of traces ofc other salts. Barium platinocyanide has also been 
obtained as the dihydrate and as the anhydrous salt. 

Calcium Platinocyanide, CaPtCy t ,5H,0, is prepared in the 
same way as the barium salt. Two isomers have been similarly 
obtained,* yellow and green in colour but of indentical crystalline 
form. The anhydrous salt is white. 

Magnesium Phlinocyanide, 2MgPtCy 4j YH t O, is obtained by 
decomposing the barium salt with magnesium sulphate, and is 
one of the most beautiful salts of this group. It forms large, 
square-based, red prisms„the sides of which viewed by reflected 
light have a Ijeetle-green lustre, whilst the end faces reflect blue 
or purple light. It crystallises from alcohol with six molecules 
of water in four-sided, lemon-yellow tablets, having a blue 
reflection, and often exhibiting all shades of colour of red, blue, 
and green. Other hydrates are also known. 

Many other plstinocyanides besides these are known, of 
which seyeral are remarkable for their splendid play of colours. 
Some, such as the green copper salt, are insoluble powders 
obtsyned as precipitates by double decomposition. A very 
characteristic reaction for the plstinocyanides is that on addi¬ 
tion of a mercurous or a mercuric salt to their solution a 
white precipitate is fiist*thrown down, but on addition of more 
mercurous salt this becomes of a smalt-blue colour. 

These salts become luminous when exposed to the Jlbntgon 
rays, and are employed for making screens by means of which 
the absorption of these raw «ay be observed. 

Platinum Tricyanide, PtCy„^is obtshed aa a b'gbt yellow . 

. 1 Bergio*, ZaL mar;. Clem., 1888, IB, 318. 

■ J.,Ohtrn. So e„ 1908. tt, IMS; Mi, 181C, 101. 1061; I *rf Siw«i. 

Mi., IMS, OB, ISO. 
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powder on heating pl&tinicjanio acid to 120“." It u insoluble 
in water bnt ^solves in a bailing solution of potassium cyanide. 1 
„ Pladnieyamc Add, Ip’tCy,, is obtained by evaporating a fairly 
concentrated solution of platinooyanio acid with hydrogen 
perokide on the water-bath; 1 ( 

2H,PtCy t + H,0, = 2HPtCy 4 + 2H,0. 

fa evaporation proceeds the white substance at grot formed 
turns pink, brown,-and finally dull olive-green. This is platini- 
: cyanic acid, HPtCy,,2H,0. The oolour changes are dne to 
differences in the degree of hydration and take place in the 
rWWhe order when water is added to the add. 

The add is reduced to platinocyanic add on boiling with 
sulphur dioxide, and liberates iodine from potassium iodide 
solution quantitatively according to the equation: 

2HPtCy, + 2X1 => 2KHPtCy 4 + I 8 . 

Silver tyahmcyanide, AgPtCf 4 , is obtained as a brown, flocculent 
predpitate on the addition of silver nitrate to a solution of 
platmioyanifl acid. When dry it is a buff-oolouied powder 
which on ignition leaves a residue of silver and platinum. 

Oxidation of the platinocyanides with hydrogen peroxide 
in sulphuric add solution yields the corresponding pjatinicyanides. 
With strong solutions, the pure sodium and lithium salts have 
been obtained. More usually, however, compounds of the 
platinicyanidee with the platinocyanides are produced, as, for 
example, IiPtCy^LijPtCy* and KPtCy,,3K 4 PtCy 4 . 1 

Potassium Platinothiocyanate, K,Pt(SCN)j, is obtained by 
dissolving platinum dichloride in a solution of potassium thio¬ 
cyanate, or, better, by dissolving equal parts of potassiunl platino- 
chloride and potassium thiocyanate in the smallest quantity 
of water, when the mixture becomes warm, and, on oooling, the 
salt separatee ont in red, microscopic prisms. When the barium 
salt is decomposed by dilute sulphuno acid, the free add is 
obtained in solution, but undergoee rapid decomposition * 

Plaltmthiocyanic Add, H,[Pt(SCN) 4 ].—On decomposing the- 
lead salt with dilute sulpfiurio add, a thick, dark red, very aeid 
liquid is obtained, which decompose^ carbonates, and dissolves 
zinc with evolution of hydrogen. On evaporation in a vacuum, 
an indistinct, crystalling mass remains behind. 

1 Levy, Jaunt. Om. See., 191*, 101 1081. 

> Baekton, Jem. Citm. &*„ IMS, 2*. 
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Potassium Piatiniihiooyanate, KjPt(SCN),, is obtained by 
adding potassium thiocyanate solution, not in Excess, to a 
solution of potassium platinichloride and beating to boiling. 
The filtered solution on- cooling deposits large, six-sided prspis 
oj tablets having a carmine-red colon* and possessing a very 
disagreeable taste. -They dissolve in water, forming such a deep 
red solution that one drop of the concentrated liquid imp,.Fjs a 
distinct cqlour to 100,000 parts of water. When the coven¬ 
trated solution is boiled with ammonium sulphate a very 
similar -ammonium platinithiooyanate is formed. The platinU 
thiocyanates of the alkali metals are soluble in water and 
crystallisable; .those of the heavy metals are insoluble, an<Nufve 
a yellowislf- or*blackish-red colour (Buckton). 


t Detection and Estimation of Platinum. 

648 If a platinum compound be heated on a carbonised match 
in the gas-flame, a grey, spongy mass is obtained soluble only in 
aqua regia. The concentrated solution yields with potassium 
chloride and ammonium chloride the well-known and character¬ 
istic precipitates. Sulphuretted hydrogen throws down from 
solutions of a platinum salt, slowly in the cold but more quickly 
on heating, the brown disulphide which is soluble in an excess 
of yellow ammonium sulphide, A solution of stannous chloride 
colonrs platinic chloride solutions dark brown, inasmuch as 
platinous chloride is formed. A solution of benridine in 
acetic acid forms a delicate reagent for the detection of platinum, 
a blue, flocoulent precipitate being obtained. Iron and gold 
also give blue colorations with this solution . 1 

In the general separation of the metals, platinum and gold are 
obtained together with arsenic, antimony, and tin. Their pres¬ 
ence is indicated by the brown colour of the precipitate pro¬ 
duced by hydrochloric acid in the solution in ammonium 
sulphide. In this ease the precipitate is fused with sodium- 
carbonate and nitre, the fused mass lixiviated with water, and 
the residue, which may contain the gold and platiniup together 
with tin dioxide*and sodium antimbnate, is treated with* line 
and hydroohiorio acid when the latter two compounds are 
reduced to metals. The mas 3 is first toiled with hydrochloric 
acid to remove the tin, and &xt with nitric acid and a little 
tartaric acid to dissolve the antiijony; the residue is then 
1 Militate sod Si Nol», &fl. CMm. Farm.. 181S, (8, Ml. 
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treated with aqua teg*, the solution conoentratedSuid evaporated 
to dryness 8a the water-bdlh with an excess of ammonium 
chloride, and alcohol added to dissolve the gold chloride. From 
the r alcoholic solution the gold may ’be readily precipitated 
with ferrous sulphate. 'The portion insoluble in aloohol mjy 
contain ammonium platinichloride, and this on ignition will 
leaye a residue oi spongy platinum. The qualitative separation 
of Ijhe platinum metals by means of their sulphides has already 
been described (p. 1437). 

r An alternative method for the rapid qualitative analysis of a 
mixture containing these metals has been devisedr by Myliua 
and Dietz. 1 A solution of the chlorides is boi'ed in a retort 
with dilute nitric aoid and the vapours passed info a'Solution of 
caustic soda. If osmium be present it is thus converted into the 
volatile tetroxide which forms a yellow solution in the soda and 
may be detected in the usual manner. The residual liquor, 
after extraction with ether to remove gold chloride, is then heated 
with amiqonium acetate and formic acid for several hours in a 
reflux apparatus, whereby the salts of the platinum metals are 
reduced to the metals, and the black precipitate, after washing 
and drying, is heated to redness in a stream of hydrogen to 
remove mercury. The residue is their extracted with hydro¬ 
chloric acid, mixed with sodiom chloride, heated- in chlorine, 
and the produot dissolved in a little water, filtered, and ammo¬ 
nium chloride added so long as any precipitate forms. In this 
way the platinum, iridium, and ruthenium are pieoipitated, 
whilst the palladium and rhodium remain 4n solution, but the 
separation is not quantitative. The precipitate is dissolved in 
warm water, treated with bydroxylamine, and again precipitated 
with ammonium chloride, whereby the tetrachlorides of Ruthen¬ 
ium and iridium first formed are converted into the trichlorides 
which remain in solution, whilst the platinum is precipitated as 
a mm onium platinichloride. Rutheniorq and iridium are separ¬ 
ated in the filtrate from this precipitate by evaporating to 
dryness, reducing to the metals in a current of hydrogen, 
fusing with potash and nitre, extracting with water, and dis¬ 
tilling off the volatile ruthenium tetroxide‘in a ourrent of 
chlorine into dilute acidified alooh<fl. 0 The iridium is detected 
in the insoluble residue T>y treatment with chlorine and sodium 
chloride and precipitation with ammonium chloride. The 
original filtrate containing rhodium and palladium is evaporated, 
i ftw i*m ‘srr noi 



DETECTION AND BJEMATION OF PLATINUM' '.1«8 

to dryness witk excess of ammonia, the residue^ dissolved in 
the least possible quantity of ammonia and coqjed, when the 
less soluble ammoniacal rhodium chic ide separates out, and 
the .palladium may be, precipitated from the filtrate by hydro¬ 
chloric acid as palladosammine chloride. 

The quantitative estimation of platinum always takes pface as 
metal, obtained by ignition of ammonium platinichloride.’u* by 
heating potassium pjatinichloride in a current of hydrogeifend 
lixiviating the residue with water, or sometimes also by ignition 
of the sulphide. ' 

The Atothic Weight of platinum was determined by Berzelius 1 
by analysis 0f the potassium double chloride; the mean 
number obtained by him was 197*1; Andrews,* who employed 
the same method, found the atomic weight to be 197-9, but 
Seubert* obtained 195-14, and Halberstadt, 4 confirming this 
result, found 195-07. More recent work by Archibald, 4 ^ho 
analysed the carefully purified potassium and ammonium salts 
of chloro- and bromo-platinic acids, has given as «i mean of 
twenty-eight determinations the figure 195-23. The value 
now (1922) adopted is 195-2. 

■ LeMuci, fib Am f. 8,1812. • Chm. G«z., 18B2, 379. 

• AnnaUn, 1881, 207, 1. * Bn., 1884, 17, 2003. 

» Prof. RS. Hoc. Siin., 1909.28, 721. 




THE RADIOACTIVE ELEMENTS. 


6j6 Becqucrel’s discovery of the radioactivity of cranium in 
1896 has led to the-development of an entirely new branch of 
.scientific thought. Special methods of investigation, mainly 
physical in character, have been invented, and the,results are 
of Extraordinary interest and importance. Much, however, yet 
remains to be done before many of the conclusions hitherto 
drawn can be considered as established, and discoveries are 
constantly being made, In these circumstances only a very 
brief outline of the subject is here attempted. 1 

6 Jo The phenomena of the electrical discharge in an ordinary 
vacuum tube containing gas at a few millimetres pressure are 
qiLto familiar. If the tubs contain air or nitrogen, the negative 
pole, or cathode, is clothed with a violet glow, quite distinct from 
the brick-red positive column, which occupies most of the tube. 
The narrow portion of the tube may be bent into any curved 
form—a spiral, foT example—and the discharge fo'lows all the 
curves. But the phenomena are quite different if the vacuum 
in the tube be greatly increased; the dark space separating the 
cathode from the violet glow becomes much greater, and the 
discharge from the cathode refuses to follow the curves of the 
tube, but pursues a straight course, normal to the surface of the 
cathode, until it b trikes the glass, where it produces phosphor¬ 
escence. The phenomena of such high vacua were investigated 
by Crookes 2 in 1870. He found these electric streams from<the 
cathode produced brilliant phosphoreecence in diamonds, 
rubies, etc., and threw well-defined shadows of objects placed in 
their path upon the opposite wall of the tube, which phosphoresces 
all round the shadow, further, this electric stream can put 
lightly poised vanes into motion, and it is deflected by a magnet 
brought near the tube. Such an electric etrearA is now sjpoken of 
as consisting of “ cathode rays.” It pas shown by Hertz that 

1 A loll account of the (object ie givf n in Radimctivt Batdanees and litit 
Radiation), by Rutherford (Cambridge: The Unirenity Praia, 1919). The 
nhwnlnel behaviour of radioactive bodiee U dealt with by Soddy in TAc Ohtmitiry 
of lh«‘2aiio-iUmt%U (Longman** 4 

* m Tmm., 1874,164, 801; 1878,188,819; 1876, IOC, 828. 

1490 



RADiOAcmvB Aments *uSi 

the cathode iSys, though they will not pass through glass or 
mica, will penetrate thin metal foi| and Lenard, bf constructing 
vacuum tubes with aluminium “ windows,” observed the cathode 
rays to pass out through the metal into the air, there to prttfpce 
ghosphoresccncc, although the rays cannot be produced at all 
in air at ordinary pressure. Crookes aptly spoke of 1 these 
phenomena as belonging to a “ fourth state ” of matter; juke 
different from matter in either the solid, liquid, or gaseous sjate. 
The cathode rays are now recognised as streams of electrons 
carrying negative charges. ■ 

J. J. Thomson showed, 1 in 1897, that the cathode rays are nut 
only deflected, in a magnetic field, but also by an electrib fluid, 
and this i? wh'at should occur if the rays are streams of negatively 
electrified particles. He employed a vacuum tube so arranged 
that the cathode stream passed midway between two parallel 
insulated plates of metal, respectively charged positively and 
negatively. When the plates were uncharged the cafljode 
stream produced a luminous spot on the end of tljjj tube, but 
when the plates were charged the displacement of this flpot 
showed that the stream had been deflected towards the positively 
charged plate, thus proving that the particles of the stream 
carried a negative charge. By means of an electro-magnet the 
stream could be deflected in the opposite direction so as to bring 
the spot back to its original position. By measuring the strengths 
of the electric and magnetic fields, data were obtained for cal¬ 
culating the velocity of the particles, and also the ratio of the 
electric charge to tjie apparent mass of a particle. The strength 
X of the electruffield is V/d, where V is the difference of potential 
between the plates and d their distance apart. If H be the strength 
of thf? magnetic field, the force acting on a particle with charge e 
and moving with velocity «is tieu, and at equilibrium, 

Heu — Xe .(1) 

If the magnetic fiefd be acting alone, a particle of mass m 
and charge e describes a circular orbit of radius p, such that: 

= J .w 

Prom equations (1) and (2) the values of ti and ejm can be 
determined. By measurements made in this way it has been 
found that the velocity of the particles varies between about 10* 

1 Phil. Maf, 1897, [4141893. 
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and 10“ cm. per second. (The velocity of light fa 3 x 10 1 *, and 
the velocity u£ the molecule*? of hydrogen in the gas at N.T.P. 
1-844 x 10® om. per sec.) These experiments do not, however, 
give ob the mass of a particle, bnt only the ratio of the charge 
to the mass. It follows from Faraday’s laws of electrolyse 
that all monovalent ions in electrolysis cany the same charge, 
and .experiment has shown that it requires 9-6 x 10 s electro¬ 
magnetic units of electricity to set free one gram of hydrogen. 
If N be the numbea of atoms in one gram of hydrogen, then 
He = 9-6 x 10*, and if m be the mass of a hydrogen'atom, then 
Nm= 1. Hence e/m = 9'6 x 10* for the hydrogen ioa. Simon 1 
obtained an average value of 1-86 X 10’ (with an average velocity 
of 7 x 10*) for the ratio e/m for the cathode rays, 'and if we 
assume that the charge of the particles (or electrons) is the same 
as that of an atom of hydrogen, so that e has the same value in 
the two equation* e/m = 1-86 x 10’ and e/m' — S-6 X 10* 
(where m' is the mass of the hydrogen atom), then m' = 1943m. 
The mass of the particle in the cathode rays is thus about the 
on# two-thousandth part of the mass of a hydrogen atom, 
According to the work of Millikan the value is 1/1830 of the 
mass of a hydrogen atom (see p. 40). 

It has been mentioned that the catlode rays excite phos¬ 
phorescence in the glass of the tube at the place-where they 
impinge, or in other substance* placed in the path of the stream 
of electric particles. In 1895 Bontgen discovered that in these 
circumstances the phosphorescent glass emitted rays ol a most 
remarkable character—the so called X-ravs— capable of pene¬ 
trating such opaque substances as paper, wood, aluminium, flesh, 
etc., but stopped by lead, platinum, glass, or bone. These rays 
have the power of exciting fluorescence in such substan'oes as 
barium platinocyanide, and of affecting a pbotographio plate; 
so that it is possible to photograph, or by the use of a fluorescent 
screen to see, the shadow of the bones of the hand, or a coin 
concealed between the pages of a book, The X-rays are inoapable 
of refraction or reflection from isotropic media; recently, however, 
reflections Jrave been obtained from crystalline substances such 
as mi da, but this phenomenon is more analogous to interference 
in optics than to true reflection* (pi /il6). The rays an not 
Bensibly acted on by a magnet. They have been found to have 
the power of discharging ak electroscope. 

1 An*. Pb/iit, 1899, 69, 589. c 

• Law, Friedrichs, »ad Kroypog, SitnKpb*. Bap. A tad. Win., 191*, SO*. 
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There i% another type o£ ray which is bbserved when an 
electric discharge passes through I rarefied gas. It was shown 
by Goldstein 1 that under certain conditions of pressure atreapis 
of rays pass through tBe holes in a perforated uathode. Th^se 
Streams are known as canal rays, and Have been shown ty'Wien 
to consist of positively charged particles moving with high 
velocities. From measurements of their deflection in electao and 
magneticdielda, it appears that the carriers of the electricity are 
of atomic size and thus differ in this respect from the cathode 
particles, as well as in carrying electricity of opposite sign 
This distinction between the sizes of the carriers of positive and 
negative electricity is general and of great importance, afid will 



be seen later to eiiet in the positively and negatively charged 
radiations emitted by radioactive bodies. 

65Some experiments by J. J. Thomson 8 are of particular 
interest as a delicate means of chemical analysis. The method 
consists in subjecting the positive rays simultaneously to an 
electric and a magnetic field and noting the deflection suffered 
by the rays. The electric and magnetio fields are arranged to 
be in the same direction so as to deflect the rays in two 
directions at right anglee to each other, with the result that 
the particles qfove along differed paths determined by the 
masses and velocities of the particles. The experimental 
arrangement will be ua&rstood from Fig. 205. An electrio 
discharge is passed through/he rarefied gas contained in the 
vessel, A, provided with a oathode, C, with a small hole at its 

* Batin 1888,89, «9L 

• J, J. Ttaww, flip of Potitif Bheltmtg, . 
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centre. The positively electrified particles which move with 
great velocity towards the cUthode pass through this hole and 
emerge as a fine pencil , of electrified particles passing between 
the plates, L and M, connected to the positive and negative poles 
of a battery, and betweei the pole-pieces, P and Q, of an electwa 
magnet. The heterogeneous pencil of particles, all of which 
follow the same course before entering the electric and magnetic 
field#, is split up into a number of groups of rays branching off 
in different directions. No two particles move along the same 
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path unless they have the same masses and also the same 
velocities. It can be shown that all particles with the same 
masses but with different velocities movf along the surface of 
a cone which is peculiar to the particular particle, so that if 
this cone is determined, the nature of the particle carrying the 
positive charge is also known; in this way, fronj a study of the 
path traversed by a particle, it is possible to deduce ite mass and 
therefore the chemical nature of the atohwor molecule constituting 
the positive radiation. TBe cones^re determined by observing 
their parabolic sections on*a photographic plate placed in the 
path of the rayB. A typical photograph obtained in this way is 
ihown in Fig. 206, The photograph was obtained with the 
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residues from liquid air containing the lighted g*rtja; there are 
present lines corresponding to hellun, neon, arg^n, and also a 
line of special interest corresponding an atomic weight 28, 
which could not be identified with the line of anyVnown gas ;• lor 
the possibility of its being due to molecules of C0 e canning a 
double charge of electricity is precluded by the fact that on 
passing the gases through tubes immersed in liquid air tlte'Jine 
persisted,•whereas the line at 44, due to carbon dioxide*dis¬ 
appeared. There seems to be no doubt that the line is due to a 
new gaB of atomic weight 22 contained in the atmosphere and 
closely associated in properties with neon; for it u found in all 
the specimens ef neon which have been examined. > 

• The nature of the positive rays is very complicated, since the 


•i-- 
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particles constituting them innjr consist cither of atoms or 
molecules, with single or miiltiplo changes. The method of 
examination described ahove is hardly capable of disentangling 
their complexities, but a modification and refinement devised 
by Aston 1 has given results of striking importance. The 
improvement consists in so arranging the apparatus that after 
deflection by an eleotrio and a magnetic field, rays having the 

same value of — are brought approximately to a focus on a 
V * • 

photographic plate, and in this way a “ positive ray spectrum ” 
or " mass spectrum ” of 4he radiation is obtained. The general 
arrangement adopted is show in F^g. 207. The rays after 

1 Alton. Phil Slag., 1819. [8], 88. 707; 7920, [9J, 88, 449, Oil; 192& {«], 
40, 688; 1921, [«],«, 140,430, Alton and Fowbt, >lii, 1983, [0], <3. 814. 





leaching the cathode pass through two narroft parallel slits 
S„ S* and tli p resulting beam passes between the parallel plates 
Py P„ maintained at Afferent electrio potentials. The rayi 
deflected by the electrio field may be considered to divergi 
approximately from a point, Z, at the middle of thp field. J 
group of these rays passes through the diaphragm, D, and into s 
magnetic field maintained by an electro-magnet with circular 
potepieces. The magnetic field is arranged to deflect, the beam 
in a direction opposite to that produced by the electric field, 
jit can be shown that with this method raya having various 


value6 of ^ will all be brought to a focus on a pfibtographic 


plate, GF. 

Typical photographs taken with the positive ray spectrograph 
are shown in Fig. 208. The various spectrographs shown are 
indicated as belonging to different elements Ne, Cl, A, Kr, Xe, 
etc.; bub it must be realised that with this 'delicate method of 
aMlysis it<s impossible to exclude impurities arising from gases 
occluded in the walls of the tube and from hydrocarbons emitted 
by the tap grease unavoidably used in the apparatus. A very 
careful study of each spectrograph is therefore necessary before 
the disturbances arising from impurities can be eliminated. 


Lines due to elements will appear for values of ^ corresponding 

with the atomic weights of the elements, and with single, double, 
and treble charges. Following a nomenclature, analogous to that 
of optics, lines due to singly-charged atoms, are known as first 
order spectra, those due to doubly-oharged atonfe as second order 
Bpectra, and so on. The complication arising from charged mole¬ 
cules is fortunately rendered leas serious by the fact that in most 
cases molecular spectra appear only in the first order. The laYge 
number of lines in the spectrographs (Kg. 208) arising from 
hydrocarbons and other carbon compounds can thus be identified 
and left out of consideration. For measurement, it is necessary 
to establish certain standard lines; oxygen gives a useful set of 
lines for this purpose, showing, as it does, lines at 32,16, and 8, 
due, respectively, to the singly-charged molecule and to the singly- 
and doubly-charged atoms. Other fiaaful lines of reference are 
found at C **(6), C*(!2), fcO *(28) jnd CO,* (44). By comparison 
with these and other lines, the masses corresponding with any 
particular lines can be accurately determined. 

It is not proposed to enter into* a full discussion ofjthe com- 
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and 37. The linefc at 36 and 38 are ascribed by Aston to hydro 
chloric acid termed from ch/orine of atomic weights 35 and 37 
respectively. 

,We thus ha'so two examples of elements, neon and chlorine 
each appearing to have'two distinct atomic weights represented 
by whole numbers, 20 and 22 in the case of neon, and for chlorint 
36 $cd 37. Similar results have been found with other elements, 
ancjjt is impossible to escape from the conclusion that we can 
no longer regard the elements as made up of exactly similar 
•atoms, but, on the other band, that they consist df a mixture 
of atoms having integral atomic weights mixed in different 
pftportions. These stems, however, are inseparable by any 
chemical process, being in every way identical ifi chemical 
properties. The only means of separating them ,is by some 
method, such as that of mass spectra, depending for its action on 
the masses of the constituents. Such atoms having identical 
chemical properties but different masses are known as isotopes 
(see p. 7-y, since they occupy the same place in the periodic 
table. Elements with different chemical properties but the 
Bame atomic weights are known as isobares. The further point 
that the constituent isotopes of any element are whole numbers 
is of great importance, and will be considered later. Evidence 
as to the existence of isotopes was first obtnined by a study of 
the radioactive elements (p. 74). Some typical results obtained 
by Aston are given in the table on p. 1499. 

The atomic number is the numerical position of the element 
in the periodic system of elements (p. 72). , 

652 In 1896, Becquercl 1 found that uranium potassium sulphate 
crystals were able to affect a photographic plate wrapped up 
in black paper, The effect was produced also through thin 
glass or metal, and both by uranium metal itself and by all its 
compounds, either in the solid state or in solution. The activity 
of a uranium salt enclosed in a thick lead^box, and never exposed 
to light, was observed by Becquerel to continue undiminished 
for four years, and was not affected by variations of temperature 
from 200°, to that of liquid air. He also observed that the 
rays Irom uranium, which are known as Becquerel rays, have 
the power of discharging an electftscope, whether positively 
or negatively charged. ‘They ayj similar in these respects to 
the X-rays, but their ad ion is feeble in comparison, since it 
requires several days' expoajire to produce a marked action,on a 
1 Cmpt. rad., 18M, IO,*lSS, 233,3Sfl. 462. 
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photographic plate ’with the Beequerel ray*, whereas with the 
X-rayB a photograph can be taken in leas than a minute. 

Becquerel’s discovery was followed in 1898 by the observation 
made independently by Schmidt 1 and Mme. Curie,* that the 
compounds of thorium and minerals containing this element 
also emit radiations of a similar character to the Beequerel rays. 
These discoveries have led to the recognition of an entirely 
new class of substances which possees the remarkable property 
of radioactivity. 

Radioactive substances spontaneously emit rays possessing 
in varying degrees the properties 0 / canal, cathode, and i¥-raya. 
The, phenomena available«for the study of the radiations from 
such substances are: 

(a) The action on a photographic {fate. 

($) The phosphorescence produce^ in certain substanoea : e.g., 
* Am. Phyiil, 1898, 68,141. * * Gw.pl. m A, 1898,1M, 1101. 

























the platinocy&nidtss, willamite (one silicate), knnlite, and Si dot'i 
blende (crystalline zinc snlpKde). 

. (c) The ionisation of pases produced by the rays. 

The last of these lends itself most'readily to quantitative 
measurements, and is generally employed for measuring tie 
degree of radioactivity possessed by a subatfinoe. 

According to the theory of the ionisation of gases of J. J. 
Thomson and Butherford, 1 this effect is due to the production 
of ions or positively and negatively charged carriers in the 
r gas, the rate of production being proportional to {he intensity 
of the radiation. These ions move with uniform velocity 
through a uniform electric field, the positively charged towards 
the negative plate, and vice versd, and their velocity is proportional 
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to the strength of the field. The separated ions gradually 
recombine, the rate of recombination being proportional to the 
square of the number present. An ionised gas preserves its 
conducting power for some time after removal of the ionising 
agent, and may be carried in a current of air so as to dischaVge 
an electroscope some distance away. 

The arrangement for measuring the .-ate of ionisation pro¬ 
duced by X-rayB 'or cathode rays or by the presence of radio¬ 
active material is shown diagrammatically in Fig. 209. 

Thq active material is placed at B on the lowep of two insulated 
{dates, A and B, charged respectively negatively and positively 
by means of a battery connected to ‘fraud with the other *pol6 
earthed at E. The piste \ is connected to one pair of quadrants 
of an electrometer, EM, of*which the other pair is earthed. The 
gas, between the plates A and B being ionised at a constant *rate 
« PU.Maf^ 169e,‘[5], 
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if no electric Md be present, the number of 18m soon reaches a 
maximum, when the rate of production of fresh ioni is balanced 
by the rate of recombination. If, however, B be*kept charged 
to a oonstant potential V, the rate at which the plate A gaips 
charge may be measured by the quatirant electrometer* EM. 
Positive ions travel to the negative plate A, and negative ions 
to the positive plate B; there is thus a current through tho.gftfl 
which is measured by the rate at which A rises in potential... 

When V is small the current is small, but as V increases the 
current rapidly rises to a limit and then remains constant even, 
when the value of V is largely increased. This condition is not’ 
always attainable in practice, a slight increase of current generally 



occurring with increase of V. This limiting saturation current 
through the gas thus measures the charge carried by the ions 
produced per second by the radiation, that is, it is a measure of 
the radioactivity of the substance under examination. For 
uranium, and for substances not more than a thousand times as 
active as uranium, a potential difference of 300 volts is usually 
sufficient, but for radium, and for very actifft substances, the 
plates aro placed close together, and a higher voltage may be 
necessary. 

Frequently, some form of gold-leaf electroscope is used to 
measure the saturation cmftent. Such an electroscope is shown 
in Fig. 210. A strip of gold-leaf, G, is Ittached to a vertical rod, 
Ijt, which is supported by the horisontsJ rod K, resting on sulphur, 
88, by which the system is insulated* The rod B passes thjoqgh 
an opening in the metal platd P, and terminates in a horisontal 
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plate, B, which is* opposed to the removable plate A, on which 
the radioactive material, C/is placed. The whole is enclosed 
ip. a metal c&ae and the motion of the gold-leaf is observed 
through an opening in 4e metal case by means of a microscope 
of low power provided'with a micrometer eyepiece. M is„a 
bent wire passing through an insulating plug of sulphur, 8 , in 
the^top of the case; by means of this wire the electroscope can 
be,charged. During an observation the metal case and the 
lower plate A are connected to earth, and the time taken for 
the gold-leaf to pass over a fixed part of the scale is determined, 
this observation being corrected for the 11 natural Isak ” of the 
instrument, measured when no radioactive material is present. 
The measurements are generally comparative, uraiiium oxide 
being often used as a standard of comparison. The instrument 
described above ia typical of an electroscope used for snch 
measurement*. The details of construction will depend upon 
the particular measurement to be made . 1 

In the examination of radioactive substances, and in the 
sekrch for new radioactive material, the electroscope has proved 
an invaluable guide. Bunsen showed that 0'0000003 milligram 
of sodium could be detected by spectrum analysis; but for the 
detection of substances like radium the electroscope is many 
thousand times as sensitive as the method of spectrum analysis, 
for by its means a substance having only the ten-thousandth of 
the activity of uranium can be detected; the activity of radium 
is about 2 , 000,000 times that of uranium. 


Phenomena or Radioactivity. , 

653 The radiations from radium and most of the radioactive 
substances are found to be complex. The different kinds of 
radiation are distinguished by their different behaviours in a 
magnetic field and by their different powers of penetrating 
metal screens, etn. By these methods it has been found that 
radium emit* throe different kinds of rayB, which have been 
called by Rutherford 0 -, 8 - k and y-iays respectively. 

The o-rays are analogous to canal rays and are easily absorbed 
by thin metal foil and by a short cvhmn of air. Their deflec¬ 
tion in a magnetic field is slight compared with that of the 
8 -ray®, but is in the opposite direction, proving that they are 

; 8po Makower tad Geiger, Practical ManrmmU * BaHeaUmi) 
{Longmioi, 1912). " 
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positively dunged. The magnitude of them deflection Blum 
that they ire moving with a veloljity approximately one-tenth 
of that of light. . >• 

The /9-raya are identical with the kathode rays produced 
ii^ a highly exhausted vacuum tube: they are deflected by a 
magnetic field in suet a direction as to show that thay are carriers 
of negative electricity. They are completely absorbed by. one 
millimetre of lead. Their velocity is, however, mueh greater 
than that of the cathode rays in a vacuum tube, the /9-rays 
from radiurt varying in velocity between about 10 10 and nearly 
3 X 10*® qjn. per second. Their penetrating power increase# 
rapidly with the velocity, and some of those expelled* from 
radium pdtiotrSte a thickness of a millimetre of lead. 

Besides tjje a- and /8-rays, uranium, thorium, and radium com¬ 
pounds emit very penetrating rays known as y-rayB, the pene¬ 
trating power of which is 100 timea that of the /S-rays, so that the 
rays can be detected after paasing through several centimetres 
of lead. These rays are not deflected* in a maenetio field. 
They can easily be detected from a few milligrams of raditon 
bromide enclosed in a lead vessel of 1 cm. thickness (which com¬ 
pletely absorbs the a- and /9-rays) by the luminosity they produce 
ih a fluorescent screen of barium platinocyanide or of willemite, 
when observed in a dark room. The y-rays, which are similar 
in nature to X-rayB, are usually associated with /9-rays, and are 
probably produced in Borne way from the /9-particlcs as they 
-escape from the atom. It has, however, been shown by 
Chadwick 5 that y ; rays may be produced in small quantity 
from a-rays. • 

The different behaviours of the three kinds of rays in a magnetic 
field is’diagrammatically illustrated * in Fig. 211. 

R represents the radium compound placed at the bottom of a 
small cylindrical load vessel, standing on s photographic plate, AC. 
By a strong magnetic field applied at right angles to the plane 
of the paper and directed towards the paper, the three types of 
radiation are separated: the y-rays take a straight course 
without being deflected by the field ^ the /S-raya are Reflected to 
the right, describing circular paths, and affect the photographic 
plate on the right of B, the a-rays are slightly deflected to 
the left, but are quickly absorbed by the air. 

‘ VilUrd, Comp/, raid.. 1900.130,1010,1178; Beoinenl, M, 11H, 
\Ptol Maf.. 1913. [81 26, 193. • 

■ Rutherford, RaiioacUtt Svbttmea, p. 116. 
von. n. (n). x x 
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The phosphorewence produced in & zinc euljAjde screen by 
radium is ohiefly due to tl)9 a-rays. This phenomenon was 
discovered by 1 Crookes, 1 and is well exhibited by his apparatus, 
known as the» tpinthwtecope. In this- a fine metallic point, 
which .has been dipped 'in a solution of a radium salt, is fix^l 
a. miHimetie or two above a sine sulphide screen, which is 
examined with a magnifying glass in darkness. The surface of 
the apreen is then seen to be dotted with flashes of light, which 
follow each other repidly, and this notion ia kept up without 
any apparent diminution for years. It has been ‘Shown that 



nearly every a-particle striking the screen produces a flash of 
light, and this property has been employed to count the number 
of n-particlee emitted by a Bouice of radiation. 8 

The velocity of the n-ray ia not easy to determine exactly, 
because of the smallness of the deflection of the o-particlea in an 
electric or a magnetic field. Rutherford and Robinson 8 have 
found it tube 1-92 x 10 s cip. per second, whilst the ratio e/*n — 
4-82 X 10 8 E.M. units. This value of e/m is almost exactly half 
that of the hydrogen ion in electrolyse. 

■ Pm. Bog. See., 1908,'[^J. 77.405. * 

* Rutherford and Geiger, «W., 1908, [<*], (9.141. and Regener, IV*, deal. 

phgtihB. Ga„ 1908,19, 78, 851. I « 

• Phil ifog. 1914, [fll 552. 
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The velocity of (he a-particle emitted faem different sub¬ 
stances varies, and the foregoing figure applies to that given off 
by the substAnce known as radium-C (p. 1625). *0n the other 
hand, the ratio e/m is constant. WI en the velocity of the 
(^particle falls below a certain limit, which is about 40 pgr cent, 
of the velocity given above, the particle ceases to produce the 
effects characteristic of radioactivity, and passes beyond the 
reach of qpr present experimental methods. When the velocity 
of an a-particle has thus been reduced, t.he particle seems to 
be brought to rest within a very short distance, so that it appears 
to be suddenly stopped after traversing a certain thickness ot 
matter. The njaximnm distance which an a-particle can penetrate 
through dir at normal temperature ahd pressure has been called 
by Bragg the range of the a-particle. The ionisation produced 
by an a-partiolo near the end of its range increases very rapidly 
and then suddenly vanishes. The range of different a-particles 
varies from 2-53 cm. to 6-17 cm. 1 and is characteristic oh the 
particular product from which the a-particle is emitted* A 
relation has been obtained by. Geiger and Nuttall * Betweenethe 
range and the rate of decay of radioactive products. The nature of 
an a-particle has been the subject of much speculation, and many 
considerations point to its identity with an atom of helium. 
The value qf e/m for a helium atom of atomic weight 4 carrying 
the same ionic charge as a hydrogen ion in electrolysis should 
he 2-6 X 10*. and we have seen that the value of e/m for an 
a-particle is almost exactly twice that number. Now Ruther¬ 
ford and Geiger * hava shown that an a-particle is associated 
with twice the atomic charge, whence it follows that the atomic 
weight.of the a-particle is 4,that the a-particle is a charged 
atom bf helium. This has been confirmed by direct experiment 
by Rutherford and Royds (p. 1520). 

Associated with the expulsion of a-particles is the phenomenon 
of radioactive recoil. When an a-particle of mass m is emitted 
by an atom of mass Jfcf the residual atom, (he mass of which 
must be M—n, will be projected in a direction opposite to that 
in which the a-particle is travelling with a velocity V given by 
. 

1 Geiger, ZtAf PAjfl'i, 1921*8,1, ti 

* It hu recently been eetabMed by Rutherford and A. B. Wood (Phil. 

Mag., 1921, £6J, 41, 570 and STS) ttet in tlugalehttegration of thorium satire 
depodt • email number of a-particle* (about one in tan thousand) ii emitted 
witl^s range of 11-8 cm. , , 

* PM. Mag., 1911,82.813, • Pnt. Sag. Sac., 1908. [JJ 81,489. 
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the equation j= mv, where v is the velicity of the a- 

partkle. Now since the velocity of an o-partioJe is abbot 2 X 10* 
cm./eec., and since it* atomio Weight is 4 and that of a radioactive 
atom about 200 , it foll&ra, from the above equation, that the 
velocity with which the .residual atom recoils must be t x l ^ 7 
em. per second. This atom which constitutes the next product 
(p.' 1511) in the disintegration aeries to the product from which 
the 'a-partiole is emitted, will travel a considerable distance if 
free to move through vacuum, as has been shown by Buss and 
Makower . 1 The recoding atom is positively charged'and can be 
Reflected in electric and magnetic fields, and this property can 
be,used, as in the epee of a-rays, to determine the velocity of 

projection and the value of - for the recoiling atoms. The 
t/l 

employment of this method affords a means of determining the 
atomio weights of several radioactive substances. When pro¬ 
jected into air at atmospheric pressure, a recoil stream does not 
penetrate more than about a tenth of a millimetre; but the 
receding atoms after being stopped still retain their positive 
charges and can thus be collected on the negative eleotrode in 
an electric field. By this process many radioactive product# 
have been separated. 1 Although an atom when it recoils possesses 
only & the energy of the o-particle, it is able to produce ionisation 
in gases, as has been shown by Wertonstein* 

654 If, as we have seen, the heavy radioactive atom recoils 
from the particle when it ia expelled, it might be expected that 
an a-particle in its path through a substance of low atomic weight 
such as hydrogen would, under suitable conditions of impact, 
cause the light hydrogen atom* to recoil with considerable velocity. 
This was first observed to be the case by Mareden.* He observed 
that when a-particles passed through hydrogen, feeble scintilla¬ 
tions could be detected at distances far beyond the range of the 
a-particle. The range of the recoil stream of hydrogen was found 
to be about four dime* that of the a-particlee producing it, a 
value which agrees well with that calculated by Darwin * on 
Bohr’s * theory of the absorption of a-particlee by matter. Ruther¬ 
ford 7 4as confirmed and extended these observations, and-has' 

1 Proc. Rag. Six., 1909, [4188, *08. », 

> H&ha, Tai. ini. piy* tai. Ou., 1909, U, 53. 

•£«&*«* 1 * 18 , (, 8 . , 

• Musdm, PM. Mag., 1914, [0J17. SH. 

‘.D»twin, Aid., 499. • Bohr, Aid., 1813, [81 IS, 18, 

• » BulWori, Aid., 1819, [#117, K7,581,671,6Sh 




obtained ipeufts of far-reaching jmportance*fcom the point of 
view of atomic structure. Whereas the result# flbtained with 
a-particles of short range (leas than 4 cm. of airj are consistent 
with the simple theory of collisions between point atomic nsqlei, 
the results for a-particles of long range tfuch as those from eadiwn- 
C (range 7 cm.) are entirely inconsistent with this view. ‘In this 
case it can be calculated that when such collisions take -place 
the nuclei of the two colliding atoms may come within a distance 
of about 3 X 10~ u cm., a distance whicb is less than the diameter 
of an electron. It was found that the number and distribution 
of the hydfogen atoms giving rise to scintillations are qnite differulft 
from thoje to he expected if the nuclei were point charges repelling 
each other according to the inverse square law. The hydrogen 
atoms produced by such swift a-particleB are shot forward mainly 
in the direction of the stream of a-particlcs producing them, and 
are nearly uniform in velocity. Rutherford explains these 1 
results by supposing that the helium nncleus behaves'as a 
charged disc of radius 3 x 10" 13 with its plane perpendicular to 
its direction of motion, and that in these very close collisions Vith 
hydrogen atoms such intense electric forces are involved that both 
the structure of the helium atom and possibly the electron itself 
may be deformed. Ib this way, the forces between the nuclei 
at very cl6ae distances might be greatly modified, although at 
greater distances the law of the inverse square would hold, as is 
known to be the case. 

It can bo calculated that, for all atoms carrying unit electric 
charge and of atomio weight lesB than IQ, scintillations should 
appear beyond*the range of the a-particlcs, and evidence haB 
been obtained that this is the case with oxygen and nitrogen, 
hut not with any heavier element. 

* The case of nitrogen is particularly remarkable, for besides tbe 
scintillations due to nitrogen atoms having a range slightly 
greater than the a-pvticles producing them, a few scintillations 
of much greater range are detectable. The evidence goes to Bhow 
that these are caused by charged atoms of hydrogen produced 
by the disruption of the nitrogen nucleus, thus showing that the 
nitrogen nucleus contains, hydrogen nuclei as a constituent. It 
seems probable that the flitrogen nucleus consists of three helium 
nuclei each of mass four ayd two Tiydrogen nuclei, giving to 
nitrogen the known atomic weight ll. This observation opens a 
new field of inquiry into the structure of atomic nuclei, for with 
a-particlffl of greater energ/it should be possible to disiite&rete 
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other nuclei besides that of ptrogen. Analogous effects have, 
in fact, been*observed with boron, fluorine, sodium, aluminium, 
and phosphorus . 1 It thus appears that Borne, if not all, of the 
.elements are built up rfom helium and hydrogen nuclei. For 
the latter fundamental Constituent of matter Rutherford has 
suggested the name proton. 

655 When the jfl-partiolos are expelled from radium they carry 
with them negative electricity and must leave the radium posi¬ 
tively charged. This is clearly shown by the contrivance called 
the Radium clock. 1 This consists of a small tube containing some 
fadium compound, which is attached at its upper tod by an 

a * „ 



Fia. 212.—«-2Uyt from radium. Some of the a-pftrticloa have 
travelled the air before the ozpanuon, qthon after the 
expAniion. * 

* 

insulating rod of quarts to the top of a wider tube within which 
it hangs. At the lower end of the small tube two thin gold 
leaves are attaohed, the outer surface of the tube having been 
coated with phosphoric acid to render it conducting. The 
larger tube is coated on the inside with tinM, connected to earth, 
and is exhausted as completely as possible to reduce the loss 
of charge consequent on ionisation of its gaseous contents. 
With 3Q mgfms. of pure radium bromide the leaves are observed 
to diverge, until they touch a piece of petal connected to earth, 
when they collapse, and^then graduaBy diverge again, this 

1 Rutherioid, Prx. Piyi. Soe.'Lmi., 1921, 82, 289. See alia Rutherford, 
"ArtifioUl Diaiatogntlon of the Deaente,” Jour*. Chm. 80 c., 1922,181, 400; 
end RntHerfoid end Qudwiek, P40l Meg., 1921,42, 809. 

• Strait, PUL Mai., 1902, [618,562. * 
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periodic movetaent of the leaves occupying about a minute. 
The effect is due to the stoppage* of the a-particles with their 
positive charge by the thin glass or the inner tube, which, how¬ 
ever, allows the /9-particles to pass through. ,. The rhythmic^ 
cgotion continues with regularity for yean, and it is estimated 
that it would take more than two thousand yean for the emission 
of /9-partioIes to fall to half its present rate, when the movo/nent 
of the gold leaves would take place in two minutes instead of one. 

The emission of ( 8 -rays from radioactive 
atoms is 'far more complicated than the 
emission af o-rays; for although, as in th# 
case of a-rays, it seems possible that only one 
(S-particl? is emitted for each atom disintegra¬ 
ting , 1 the. particles are emitted with very 
different velocities. By subjecting the radia¬ 
tion to* a magnetic field the rays can be 
separated into definite groups known as a 
magnetic spectrum. It has been shown that 
in the case of radium and its disintegration 
products there are a great number of groups 
of rays.* It seems probable that the /9-particles 
from any particular product are all projected 
with the same initial velocity, but that they 
are retarded to different extents while escaping 
from the atom* 

The phenomena involved in the passage of 
a-, 18 -, and 7 -rays ^through air have been very 
strikingly demanatrated by C. T. B. Wilson . 4 

When an a- or 0-particle passes through air, Fla 2 | 3 _ A oom . 

very intense ionisation is produced in the track plow «-r«y from 

of the particle. If the air is saturated with om “*' 

water vapour, and if, by sudden expansion, 
the air is cooled immediately after the .passage of the particle, 
a cloud is formed along its track. By a Biddable timing device, 
an instantaneous photograph is obtained of the cloud, which thus 
renders viable the track of the particle. In the case of the 
a-particle the tfack is almost straight, showing only an occasional 
and sudden deflection gr»“ scattering ” from its course. At the 

' Moseley, Pnc. Big. Sx„ 1812, [A], 87. 230. 

» Denyw, U Radtum, 1913, ID, 5. 

• Rutherford, PM. Mag .*1912, [8], 24,453. 

• Am, Be y. floe, 1912, [A], 87,377. 
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end of its range, the scattering of the a-particle is more marked 
(Fig. 212). The photography exhibit also, on careful inspection, 
the ionisation produced by an atom recoiling from the a-particle 
w£ej struck by.it (Fig. C‘13). In the cate of the ^particle, the 
path is^much more tortuous, showing the greater part played ty 
scattering in the case of these particles (Fig.^214). With y-rays 
the photographs are much more complicated and consist of 
inmftnerable ramifications along the path of the rays. The 
photographs are such as to indioate that the ionisation is not 


Fro. S14.—loolution by flr»y». ' 

produced by the 7 -rays themselves, but by secondary 4-rays 
produced in their path—a suggestion first put forward by Brajfg 
(Fig. 216).* 

A remarkable property of the compounds of radium, first 
observed by Curie ^nd Laborde, 1 is that of maintaining them¬ 
selves constantly at a higher temperature than the surrounding 
atmosphere, the difference observed being from 3° to 6°. The 
continuous emission of heat which this shows 'was found by 
Curie and Dewar to be unaffected at temperature of liquid 
air or liquid hydrogen. They found that 0-7 gnu. of pure 
radium bromide, surrounded'by liquid hydrogen, caused the vola- 

1 flW. Mag., 1910, £0,366 ; Mnc. Bog. 1911, [SI 86, S49. * 

• Sanft. mi., 1003, U*, 873 . . » 
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tilisatipn of 73 o.o. of hydrogen per minute* Prom date thee 
obtained it appears that one gnp of radium emits nearly as 
•much energy as wo’nld decompose one gram of wAter every dqy, 
or, otherwise expressed,* that one ponnu of radium emits oijcfgy. 
sf, the rate of about 11 ,V horse-poweT. • • 

It does not eeenr possible that radium derives its enormous 
store of energy from external sources. The more probable sup¬ 
position is that the a-particles are -“ 

originally in rapid motion in the ■ 
atom and \hat an a-particle when 
released from the atomic system 
flies off with the velocity it had in 
the atom. 

The vietj that the energy emitted 
by radioactive bodies is derived 
from a’More in the atoms is sup¬ 
ported by the fact that the energy 
is given off at a rate which is quite .' 

unaffected by variations in physical 
and chemical conditions such as *‘ 

temperature, pressure, or mode of 
combination of the element; for it 
is difficult to account for these facts 
on any other supposition. 


The Products op Radioactive 
Change. 


656 -A mofet remarkable property 
possessed by radium, actinium, and 
thorium, but not by uranium, is the 
power of giving off continuously a 


FiO. 215.—IcmiMtion by y-nye. 


radioactive gas which^can be condensed by extreme cold. The 
radioactivity of thorium was observed to*vary capriciously, 


and this inconstancy was traced by Owens 1 to currents of 


air which removed i the gas. Rutherford* gave ^he name of 
emanation to tBia remarkable g$s, which dischargee an feleotro- 
6 cope, affects a photogmphio plate, diffuses through porous 
substances, and can be washed through water without loss of 
activity; it is condensed at the temperature of liquid air,* 


' % PM. M<V., 1899. [5]. 48. 300. * * iW.. 1900, [5], 49,‘j- . 

• Rutherford end Soddy, PM. *•*., 1903, [Sj. S, HI. 
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bat not at that of solid carbon dioxide. It thus behaves 
differently from the ionised^ gas produced by X-rays, since 
the conductivity of such ionised gas is completely removed by 
parsing through cotton f wool, or by bubbling through water. 
The emanation from tlrerium rapidly loses its activity with 
time, falling to half value in about one minute.* Dora * showed 
that radium compounds also gave off an aotive emanation, the 
amount obtained being much increased by heating the oompound 
or by dissolving it in water. 

, These discoveries have led to the recognition of a hitherto 
Unsuspected phenomenon, the spontaneous disintegration of the 
atoms If an element in a series of stages, each -being marked 
by the emission of certain definite particle* and in the case of a-ray 
transformations the production of a substance of lower atomic 
weight, characterised by definite physical and chemical properties. 
According to this theory of the spontaneous disintegAlion of 
maM, put forward by Rutherford and Soddy, in each second 
a proportion of the atoms of a radioactive material becomes 
nnsfhblfl; these atoms break up with exploei ve violence, the change 
being accompanied by the expulsion of an a- or a 0-particle. Thus 
the atom is to be regarded as a complex aggregate, which breaks 
up spontaneously with an evolution of energy enormous compared 
with that released in ordinary chemical action. Theaisagjpegates 
behave like atoms in that they cannot be split up by ordinary 
chemical or physical agencies. 

The rate of change of any single product at any time is found 
to be proportional to tbe number of atoms present at that time, 
so that the change follows the same law as a' monomoleoular 
chemical reaction. Hence if N 0 represents the number ofmtoms 
of a radioactive substance present at any time, and N the number 
present after the lapse of time t, then: 

where \ ie known as the disintegration constant of the substance, 
and e is the-base of the natural logarithms. By differentiating 
this eqoatiop it is seen that 



t 

> La Rcaatgool and Otoinjtio*(PAit J to}., 1904, [«18,107} found Hat tilt 
activity fall to half valna la fifty-ona aaoonda; Broutoa [Amtr, J , Se>„ 1903, It, 
185) tact! fifty .four aaoonda. • * 

■ SotvfmA 3u. SaUt (1900). 
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from which, it "follows that A represents the ffhetion of the total 
number of atoms ^ undergoing disintegration at 'any instant. 
The rate of disintegration of a substance is expressed by the 
constant X; but it is more usual to define the ftite of decay Ay 
the time T taken for half the number'of atoms present*to dis¬ 
integrate. Tho valde of T is connected with X thus: 


T = 



The quantity T is known as the -period of half-change of the 

• 1 

substance, - hying the period of average life of the atom. 

When an active product is removed from a radioactive sub¬ 
stance, e.ip, the emanation from a thorium compound, the 
activity of the isolated product gradually falls, according to the 
foregoing law, whilst that of the parent substance rises, also 
according to that law, owing to the accumulation of a Iresh 
quantity of the active product. AfteT the expiration of any 
period it is found that the isolated product has lost a certain 
fraction of its original activity whilst the parent substance bas 
regained the same fraction of the activity which it had lost. 

The determination of the exact series of changes undergone by 
a ndioactiVe substance is a matter of considerable difficulty, 
and the solution of the problem is due largely to the brilliant 
researches of Rutherford and his colleagues. For this purpose it 
iB necessary to measure separately the radioactivity due to the 
a-, the ft-, and the»y-rays, and to construct curves showing the 
variation of > ea?h of these with time. The differentiation of 
the action of the three types of ray is effected by taking advantage 
of their different penetrating powers, sheets of metal of sufficient 
thickness to absorb the a-rays, or both the a- and /9-rays, being 
interposed* between the material and the electroscope. The 
ft- and y-rays are also often separated by deflecting the /9-rays by a 
magnetic fielcl. * * 

From a comparison of the curves thus produced the number 
of changes whicji occur, the nature i>f the radiation, and the rate 
of the change can be deduced. .The matter is much simplified 
when the products can b#&pa rated either physically or chemically 
from the parent substance a*d subjdbted to examination, as is 
the case with the emanation of radium, etc. 

* Is most cases of radioactive changes, the products aredormed 
from eaoh other in a diradt series of transformations.’ Thus 
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to; particular typd of radioactive matter breaks up at a perfectly 
definite rate always giving rife to the same substance—the next 
member in the radioactive series. Some very interesting cases 
haya, however, come to light in which'it appears that certain 
types of atom can break up in two different ways, thus giviag 
rise to two distinct products. This has been found to be the case 
witfy radium-C 1 (p, 1525), thorium-C,* and actinium-0 (p. 1591-2). 
Thus* radium-C usually disintegrates with the production of 
radium-D through the very short-lived product RaC', but 
occasionally an atom of radium-C gives rise to another product, 
radium-C", instead of radium-C'.* In the case of thorium-C the 
proportion of atoms giving rise to a branch product is much 
greater; for one-third of the atoms of thorium-C break up with the 
emission of a-rays and produce thorium-C", whereaa two-thirds 
emit (9-rays and give rise to the product thorium-C'. 4 Both the 
C’ and C" products seem to give rise to the D products (p, 1531). 
Another important case of a branch product is that of 
uranium-Y, 6 which forms the starting point of the actinium series 
(p. l l527). ‘ 

Recently great interest has centred in the question of the 
position of the radioactive elements in Mendelfev’e periodic 
system. It has been pointed out by Fajsns * that when a trans¬ 
formation takes place with the emission of a fi-parucle the 
resulting product is more electronegative than the parent sub¬ 
stance. Exactly the reverse is the case when a transformation 
takes place with the emission of aE a-particle. It has been shown 
by Soddy 1 that during an a-ray transformation the atom passes 
from a family of even number in the periodic fable to the next 
lower even family, the families of the odd numbers being Idffays 
missed. This rule has been generalised and extended to include 
the case of /9-ray transformations by Russell, 8 and by Fajani,* 
who haa shown that in all casee in which the chemical nature of 
the radioactive products is sufficiently fell known to test its 
ibrrectnees, the foliowing rule holds: In an a-ray trimsfonnation 
;he product generated falls into a group tvo places lower than that 

1 Esin sod Meitner, ItiL. 1908.10. 697, 

' 1 Hein sod Meitner, IVi. dpt fAyrnfai. Get, 1909, 11, M. 

> y»j»a«, PktriM Zb t, 1911.1£> 36j. 

• Mender sod Dsrwio. Pm, ft*. Soe., 191*, [dj,», 17. 

• Antaxrff, J*t May * 1911. [5)stt, 419. 

• PkyiHal. U it, 1913, It 131. 

CkoniHry of As BMio-BZtmatt, p. 30. 

Oha*.Hm», 1913, 107,49. , 

• Btr, 1913,44,4X3, sod Ink, 1013, It 133. 
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tip which the jterent substance belongs.. On the other hand, in 
a /3-ray tr^afonnation the produit generated fail*into a group 
one place higher thfch that of the parent substance. These laws 
are exemplified in the table (p. 1517). t It will.be seen ttyt* a, 
single space in the periodic table hr in each case occupied "by 
several different products which are inseparable by any cbomif al 
process and can be distinguished only by their radioactive pro¬ 
perties. Jhus for instance Actinium-X, Thorium-X, Rajfium, 
and Mesothorium are inseparable by any chemical process. 
Here we hive another example of isotopic elements (cf. pp. 74, 
1498,1617). 


Radium. Rs = 2 » 6 . At No. 88 . 

657 The* mineral pitchblende—an impure oxide of uranium 
(p. 1149>—is the richest source of radioactive substances. Whilst 1 
investigating this material Mme. Curie found that some specimens 
of pitchblende had four times the activity of the metal uranium, 
and by chemical methods M. and Mme. Currie succeeded in 
separating two new substances, characterised by intense radio¬ 
activity, which they named polonium and radium. 

The history of Mme,Curie’s successful search for a radioactive 
substance ip the residues of the pitchblende of Joaohimsthal is 
of greartntere 6 t . 1 

For the extraction of uranium the crushed ore is roasted with 
sodium carbonate, and washed with warm water and dilute 
sulphurio acid; the solution contains the uranium, and the 
insoluble residues* are rejected. The Austrian Government 
presented Mme. Curie with a ton of these residues, the activity 
of which was found to be about four and a half times that of 
usanium. The residues consist chiefly of the sulphates of lead, 
barium, and calcium, silica, alumina, and oxide of iron, and con¬ 
tain also small amounts of copper, bismuth, rinc, cobalt, man¬ 
ganese, nickfl, vanadfhm, antimony, t halli um, the rare eartl*, , 
columbium, tantalum, arsenic, etc. The search for the radioactive 
substances which cause the high activity- of pitchblende was 
made in the early stages by the Ardinary methods* of chemical 
analysis. The residues w^re first treated with boiling soda, and 
the sodium sulphate formed removed,by washing, together with 
lead, strontium, and alumiffium. (The insoluble portion was 

>£» traaiklioo o! ‘.cecia planted t* the VeetiHS de* 8otenoe*«( P*ri», 
Cbm. A'nw, 1908, 98. 85. 
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attacked by hydrochloric add, which dissolves most of it. Tht 
residue from.this operation Whs found to contain a radioactivi 
substance which received thl name radium.' The solution alsc 
was found to contain ridioactive subetanoea, one of which is 
‘precipitated by sulphuretted hydrogen together with bismut^, 
and received the name pdonium. A second, discovered by 
De'bierne . 1 and named odtiHum, is contained in the hydroxide 
precipitated by ammonia in the filtrate from the precipitated 
sulphides. 

658 Purification and Properties of Radium Softs.—The radium 
is extracted from the insoluble portion mentioned v above by 
boiling with a strong solution of eodium carbonate, which trans- 
forme the barium and radium into carbonates. Those ate washed 


and dissolved in hydrochloric acid, and eulphurio add is added, 
whioh precipitates the sulphates of barium and radium, with 
caldum, lead, iron, and a trace of actinium. 

One ton of the Joachimsthal residues yielded from 10 to 20 
kilos, of the crude sulphates, of an activity about 60 times that of 
urarium. The crude sulphate is next transformed into chloride, 
treated with sulphuretted hydrogen, the filtrate oiidised with 
chlorine, and precipitated with ammonia. The filtrate is then 
precipitated with sodium carbonate, and the carbonates are 
converted into chlorides, and washed with pure strong hydro¬ 
chloric acid, which dissolve* calcium sulphate, leaving barium and 
radium chlorides, These chlorides are then separated by repeated 
fractional crystallisation from water, When only a small quantity 
of crystals is allowed to separate, it is found that five times as 
much radium separates with the crystals as is deft in solution. 
By repeating this process a great number of times a' fraction of a 
gram of radium chloride was obtained of an activity a bullion 
times that of uranium. • * 


Giesel 1 employs the bromides instead of chlorides in the 
fractional separation of radium and barium: the radium 
separates with the least soluble portion, and about eight fraction¬ 
ations effect the removal of most of the barium. 


The compounds of radium resemble those of barium in proper¬ 
ties. The crystals of the cJfloride are isomorphous with those 
of barium chloride; when poA they,aie colourless, but those 
xrataining both barjum qnd radium become coloured yellow, 
mange, or pink, The solution in'water evolves hydrogen and 


1 mi., 1699. 1S8. 593; ,1900, 130, 90S; 1903, X36. ««, Wt. , 
I Aon, Pkft. Chm., 1399, % 89,91;^ 1903, K, 1908. 
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oxygen continuously. The nitrate, carbonate, miphate, bromide 
and jMinoqtanide resedble ihe corresponding salts of bariun 
very closely. »When-dreah]y prepared the 'anhydrous bromidi 
exhibits a splendid t>ne phosphorescence, which gradual!) 
disappears, but is more-permanent in the presence of bariujr 
salts. ■ a 

Radium has been prepared in the metallic state by Curie atid 
DebTerne. 1 

659 Spectrum of Radium.— Radium is found to have its own 
characteristic spectrum and this ailords one of thb strongest 
proois of its elementary character. Radium bromide colours 
the Bilnsen flame a pure carmine-red, and the flame shows four 
bands or lines in the red and a strong line in the blue. c 

The spectrum * of radium has been investigated by Demarjay,' 
Runge,* Exner, and Haschek, 5 Runge and Prccht,' and Crookes. 7 

The most intense lines in tbo spark spectrum are 4633, 4436, 
4341, 3814, 3660, 2814, and 2709. 

660 Atomic Weight of Radium.— The atomic weight was 
determined by estimating the percentage of chlorine in the 
anhydrous chloride. As only about one decigram of substance 
was available, Mme. Curie * made preliminary determinations of 
the atomic weight of barium with about the same weight of 
pure barium chloride, and found that good results could be 
obtained. With barium chloride of an activity 600 times that 
of uranium the number 137 was obtained, with that of 7,600, the 
result was 143-8, and with chloride of increasing activity the 
atomic weight increased, giving about 225 with a specimen 
which only showed very faint traces of the brightest barium 
lines in the spectroscope, This ssmple was repurified, and 
gave the following results: 

Radian chloride taken. Silver chloride obtained. Atomic weight (H « 1). 

0 09192 0 08890 225-7 

008936 0-08627 226-2 

008839 < 008589 *224-5 

The activity of this chloride was about two million timte 
that of uranium. A later determination made by Mme. Curie 

■ Cmft. rod.. 1*10,151,523; Lt AnhWVlO, 7,809. 

• See Watt*, Index 0 / Apectro Apfeodii O, p. 40. 

• Compt. nod., 1898,127,121fi. * * Ann. PAyril, 1903,1ft 407. 

• Wien Bit., 1901, July 4, ■ An*. PAyrih, 1904,11418. 

• Pr*. &*,, 1904,7ft 291 >• 

i’cAjLmd., 1889,2897 "80; 1900, m,382; 1902,1*5,1*1. 
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in 1907 gave -the value 226-4, 1 and Thorpe ! found the value 
238-7. Ramsay and Gray * give the value*226-£6. A deter¬ 
mination with a large quantity *>f radium, wjiich therefore 
probably gives the most trustworthy result, has been made by 
Htaigeohmid,* Vho finds the atomic weight to be 235-95. This’ 
ntimber is in hannpny with the chemical behaviour of fpdium, 
which then finds its place in the periodic table in Group II, 
Series 12. , * 

Runge and Precht® have made calculations of the afdmic 
weight of radium from the spectrum, and have deduced the value 
256-3. This assumes that radium really belongs to the group oj 
alkaline earths, and is based upon the observation that sadiqra, 
like Mg, fa, Sr, and Ba, has in its spectrum pairs of lines, repeated 
several times, with a constant difference of oscillation frequency, 
and that the distance apart of these pain for the different elements 
increases in a regular manner with the atomic weight {p. 165). , 

It must be remembered that this calculation amounts to an 
eairapolation passing over the unknown element below barium 
in the periodio table (Series 10), so that we are eitrapoIn*ing 
for a considerable distance. It has been pointed out • that the 
result of the calculation is probably too high, for the reason that 
a similar calculation o^the atomic weight of mercury from those 
of anc am^cadinium gives the atomic weight too high by about 
22 nniWl it seems probable that this method has a tendency to 
give results too high for the higher atomic weights. A similar 
criticism has been made by Rudorf ? Furthermore, in thj case of 
radium the atomic weight obtained by the spectroscopio method 
disagrees with strong evidence derived from a consideration of 
the disintegration theory (p. 1512); for there is reason to believe 
that radium is formed from uranium with the emission of three 
a^parficles. Taking the atomic weight of uranium os 238 the 
atomio weight of radium should he 220, agreeing with the values 
found by chemical methods. 

The question of establishing a standard quantity of radiojn , 
was discussed at the International Congress of Radiology 
(Brussels, 1910). As a result 21-99 milligrams of the radium 
ohloride used by Mme, Curio in the determination of the^tomic 

‘ Comj*. rend., 1907. M6,422* 

' free. /toy. 8oc„ 1908, {A\ 80 , 208. 

• Pm. Boy. See- 1912, W, 80.270.' 

• SibmttbtT. K. Ahd. fFui. Wim, 1911, Ha, ISO, 1617. 

» Phil. Hag* 1903, [8], 5, 478. , • Walt*, ibid., 6, 94, 

• ZtiL pigtOal CJwm., iqp4,60,100. 
von. n. (n). 
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’ weight of radium^have been sealed in a small - glaae tube and 
deposited at,. Paris in the Bureau International die Poids et 
Meeures. A pmilar reserve standard baa e been deposited in 
Vieona. With {be aid of these standards the quantity of radium 
'in ‘ahy sample can be estimated by comparing "the 7 -radiation 

it emi{s with that emitted by the standard., ‘ 

« 

C 

PftfcUCTS POEM ED PROM RADIUM BY RADIOACTIVE GhANQE. 

661 Production of Helium by tie Spontaneous Chang&of Radium. 
r—In 1903 Ramsay and Soddy 1 made the remarkable discovery 
that bdium is given off by radium. They found that 30 milli¬ 
grams of pare radium bromide (which bad been prep&ed three 
months) when dissolved in water liberated gases amongst which 
were hydrogen and oxygen, These were removed by passing 
the gas over a red-hot spiral of partially oxidised copper wire, 
and then over phosphoric anhydride into a vacuum tube joined 
on to a small U-tube. 

By placing the U-tube in liquid air most of the emanation 
present was condensed. The spectrum of the gas left in the 
vacuum tube, including the carbon dioxide present in the original 
gas, was then observed and showed the characteristic helium line 
Dj. In a repetition of the experiment the helium lines at 6877, 
6876, 6016, 4922, 4713, and 4472 were observed as well as three 
unknown lines at 6180, 5696, and 6466. They also found that 
the emanation alone yielded helium in about three days. 

Theso observations have been repeated and confirmed by 
Dewar and Curie* and by Himetedt and Beyer* The latter 
observers sealed up 30 mibigrama of radium bromide, in an 
exhausted vacuum tube. The tube showed the lines of hydrogen 
and an oxide of carbon st first, but sfter four months the helium 
lines appeared. n 

Before the discovery of the production of helium in radio¬ 
active processes it was suggested by Rutherford, and 8 oddy* 
that this gas might be a disintegration product of the radio- 
elements. This has since been proved by Rutherford and 
Roy da 5 by’sealing np some'radium emanations in a glass tube, 
the thickness of the walls of ’which ^as only O 01 millimetre. 
The o-partioles whi^h passed through the walls of this tube 

1 P’X. /toy. Soc„ 1903,», *6; 1904,78,346. 

* 9M.1B, 190. « A«jl rtjwt, 1904, M.J84, 

•J’JilJtsS, 19084,W9* 1903,8,878. • Ail. 1909,17,Ml, 
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were collect etHh a vessel which surrounded i£; after some days 
the apeotrrfm of helium c-^ld be detected in the. outer vessel, 
proving that the acaya consisted df charged atorijs of helium. 

The rate of producl’on of heliura .from radium has bSen 
measured by Dewar, 1 and by Boltwood and Rutherford* tfom 
one gram of radium (metallic) in equilibrium with the emana¬ 
tion, radium-A, and radium-C, the latter find that 156 cubic 
millimetres of helium are produced per year. Dewar found the 
value 169 cubic millimetres per year, which must, however, be 
slightly corrected to bo comparable with the number found bv 
Boltwood,and Rutherford on account of the difference in thn 
values of the jadiura standards used in the two sets of ■experi¬ 
ments. ^Vhsn thus corrected the value found by Dewar becomes 
164 cubic millimetres. Thu volume of helium to be expected 
from theoretical considerations is 158 cubic millimetres per 
gram of-radium per year. 

66 * Radium Emanation.—The emanation is continuously 
produced from radium compounds and is itself strongly radio¬ 
active. . A portion of it escapes, but the remainde* is occluded 
in the compound, adding its radiation to that of the radium 
compound. To this is due the phenomenon, observed by 
Curie, that the activity and emission of heat of radium com¬ 
pounds vajy with their age, the activity increasing for about a 
month after preparation, when it becomes steady. ' This state 
of radioactive equilibrium is reached when the rate of production 
of fresh emanation balances the rate of change of that already 
formed. 

The emanation is formed from radium by the expulsion 
of an.o-particle and itself passes into the next lower product 
by a’similar change. The period of half-change for radium is 
about 2,000 years, and for the emanation 3'85 days. By measur¬ 
ing the emanation from 0-06 gram of radium bromide, Ramsay 
and Soddy conclude that the maximum amount of emanation 
obtainable from one £ram of radium » oi^e cubic millimetge. 
This quantity is known as one curie. Later determinations by 
Rutherford,® Debierne,* and Gray and Ramsay { give the value 
0-6 onbic millimetre. ■ 

The emanation is most readily obtained by dissolving the 
radium compound in water and removing the gases produced. 

» Pros. ft*. &*.. 1»8. [JJ, 8L »80; 1010, 8A-404. 

SPM. Mag., 1911,0,686. ** JM, 1908,18, 300/ 

** OamfL ml, 1900,148, US*.* ' , • JotH. Cbm, eon., IKMW 1673. 
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This ia beet done py causing the solut ion to bod render reduced 
pressure. If^ix be passed through a mdium solution targe quanti¬ 
ties of a mixture of air with the Sanation may be obtained, 
add this may be stored,!]! a gas-holder, and the electrical and 
'phhfographic action examined for days after’its production. 
The erpanation can also be removed by heading the salt. When 
mixed with a large volume of air h condenses at —154°; but it 
must be remembered that in these circumstances the partial 
pre&iire of the emanation is exceedingly minute. When purified 
and at atmospheric pressure the emanation boils* at — 65°, 1 
JVhen at very low partial pressures, the condensation point of 
the emanation seems to depend upon the nature of the surface 
upon which it condenses.* If the emanation obtained from a 
few milligrams of radium bromide by heating a solution be 
condensed in a small U-tube surrounded by liquid air, the U- 
tube being connected with a larger tube containing «a small 
phosphorescent screen of line sulphide, and the whole apparatus 
connected with an air pump, the behaviour of the emanation 
canjie watched by means of the phosphorescence of the screen. 
The apparatus being partially exhausted, and the U-tube 
immersed in liquid air, no luminosity of the screen is observed, 
but if the liquid air be removed, in a fey minutes the emana¬ 
tion diffuses into the wider tube, and the screen becomes brightly 
phosphoredfcent. If the U-tube be re-immersed in liquid air 
the emanation re-condenses, bnt the phosphorescence of the 
screen <jies away only slowly, being maintained for some time 
by the production of an active deposit on the glass, 

In another experiment a quantity of the,,emanation was 
collected in a Bmall glass tube, which was seen to phosphoresce 
brightly under the rays from the emanation, and in ff dark 
room the passage of the emanation from point to point of the 
tube could be traced. On opening the tap which connected 
the tube with the pump the slow flow of the emanation through 
the capillary portion of the tube and ila more ij»pid passage 
through the wider portions was well seen. 

The emanation obeys Boyle’s law. Attempts to determine 
its density by measuring its 1 rate of diffusion show that it is a 
heavy gas, of a density about‘100; the method of diffusion is, 
however, for a variety of reasons unsuitable for determining the 

‘ Ealherfoid, PUL Stag., UM, 17, 723. 

• Lefcyde, U Radius, 1909, 8, 289; 1210, 7. 2M; Boyle, PUL ifa, 
lUOeSBtfiK. 
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atomic weight of the emanation. From a consideration of the 
disintegration theory of ra|ioactivf changes, the atomic weight 
of radium emanation should be 222. Assuming the emana¬ 
tion to be monatomic, tliay and Ramiay 1 find the value, $23, 
hf a direct determination of ita density with a specially con¬ 
structed sensitive 'balance. The emanation belongs to the 
helium-argon group of gases, and like them resists attack by all 
chemical «egents that have been tried. It ia not affected .Vben 
led in tubes over platinum black, copper oxide, zinc dust, etc., 
at a high temperature, and is unaffected by prolonged sparking 
with oxygen over caustic potash. • 

The spectrum of the emanation was first examined'by 
Ramsay and' Collie, 9 and later by Rutherford and Royds, 9 
Cameron and Ramsay* Watson, 5 and Royds.* The brightest 
lines are thoae of wave-lengthe: 4681-1, 4644-7, 4460-0, 4360-3, 
4308-3, 4203-7, 4166-6, 4018-0, 3982-0, 3763-6, 3664-6. 

Rutherford and Bamea 7 have made experiments orf the 
heat emission by radium bromide and by the emanation obtained 
from it. The heat emission per gram of radium Bromide* was 
found to he 66 gram-calories per hour (which corresponds 
to 110 gram-calories per hour per gram of radium itself). The 
emanation was then driven off, and condensed by means of 
liquid air.* After removal of the emanation the hc^t emission 
of the radium bromide fell off in three hours to about one-quarter 
(27%), and then slowly increased, reaching its original rate in 
about a month. The heat emission from the separated emanation 
rose to a maximum in three hours, and then slowly decayed, 
falling to a half value in about 3-7 days. The rate of decay of 
the emanation and the rate of recovery of the radium compound 
are both expressed by the exponential formula : 

Q,= Qc» 

m 

where Q is the heat emission at first, and Q, that after a time t, 
\ being th» constant*of change. The radioactivity itself also, 
follows a similar law, but the variation in the heat emission 
both of radium and of the emanation correspond approxi¬ 
mately to the ‘activity as measured by the a-rays and* not to 
that of the /3- or y-rawi. The heat emission of radium thus 
corresponds approximately with th^exp\dsion of a-partidea. 

> Pm. Bog. Six.. 1*11, [A], 8t 630. * 

» HU., 1994,73,470. . * Pha. Mag., 1908,18.313. 

• Pnc. Rag. Sac., 1908, [A\ fl, 310. * ft*. {A\ 1909, 88, V 

• PW. 1*08,17.901 » ft*. 1904,1817,SM. 
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The moat recent and accurate determinations o! the heating 
effect of tadifim are by Meyeijand H^s , 1 and by Rutherford and 
Robinson.' lfte former give, for the heat emitted by one gram 
.of ^dium in e^uilibriula with its diairftegration products, the 
value 1A9-3 and the latter the value 135 gram-calories per hou*. 
Rutherford and Robinson have also determiifed the heat emitted 
by each of the disintegration products separately, and also 
estimate that the /9-rays contribute 3-5 per cent, and the y-iaya 
4-8 per cent, of the total heating effect of radium. The observed 
beat emission is in good agreement with the calculated kinetic 
energy of the radiations. The heat emitted by radium and its 
products of disintegration is shown in the following taljje: 



Haul/* «3*ct Id firanvciarif* per boar, (WircpoudiDfi 

to ooo fir»ta of wtdhin. 

* 

■-IUJV 

e-x*r*. 

r 8 *!*. 

Total, 

Radium . a. ■ ■ • 

23-1 



25-1 

Kiaanution ... 

2X-8 



2SB 

Radram-A ... 

300 




lUdiura-B \ 

Radium-C 1 ' ' ' ' 

39-1 




Totals. .... 

123-6 


64 

•434-7 


Whetfthc emanation is left in contact with water, the latter 
is decomposed, a mixture of hydrogen and oxj-gen containing an 
excess of hydrogen being evolved. About 0-03 c.nfm.of emanation 
yielded 2—4 c.e. of gas in different experiments, confining 
3—14 per cent, of hydrogen in excess. The origin of this 
excess is not at present understood,’ but it is probably in some 
way connected with the formation of ozone. The emanation is 
also capable of bringing about the slow combination of gaseous 
hydrogen and oxygen. r 

As already mentioned, the emanation on preservation yields 
helium, the volume of the latter being about threj times ae great 
as that'of the emanation,* , 

663 Radium-A, -B, -C, -D, and -£.*The radium emanation 
induces radioactivity^on the glass ^n which it is contained; on 

1 Win Bet., 1912,121. 603. * Piif. Maf., 1013,25, Sll. 

■ Sw Ramsay, Jam. Chm. &x.,'l9<j7 p 8L 931. 

* CbiMKic ifld Eacuay, Jam. C*fm- Sec., 1»7, Kb 12*6, 
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removing the'emanation the excited activity^t once.commenc«e 
to decay. Thia excited f^tivity is due to the deposit on the 
surface of bodies V active matted, which can be remove d_ by 
solution in acyl, and recovered on ow:porataon of the so^vent 4 

haa the property of concentrating itself on a negatively 
charged wire. Such a wire placed in the presence of thoradpun 
emanation becomes strongly active, and if drawn acnes a 
screen of zinc sulphide, some of the active matter is qJJibed 
off, leaving a luminous trail, . - 

It has been ascertained that the deposited active mattjr 
from therodium emanation breaks up rapidly in successive and 
well-marked stages, yielding three ephemeral substance which 
have been hamed radium-A, radium-B, and radium-C; the 
first of thysc emits o-rays only, the last emits rays of all three 
kinds, and radium-B emits 0- and 7 -rays. The emanation iB 
half transformed in 3-86 days: radium-A is half transformed in 
three minutes, radium-B takes 26-7 minutes, and radium-C 
19-fi minutes for half transformation into a comparatively 
permanent product, radium-D. This requires 195 year* for 
half transformation into radium-B, half of which is transformed 
in 6 dayB into radium-F. The complex nature of radium-C has 
already been discussed (p. 1614). 

664 m Radium-F, Polonium, Radio-tdlurium.—'Diaing the 
investigation of the pitchblende residues from which radium 
was isolated, Mme. Curie obtained a second radioactive element 
to whioh the name of polonium was given. This substance was 
found by Mme. .Curie to separato out with bismuth. 8he 
employed three methods of separation : 

(а) Sublimation of the sulphides t» vacuo : the active 

sulphide is the moTe volatile. 

(б) Precipitation of the nitTate by water: the precipitate is 

the more active. 

(c) Precipitation oi a strongly acid solution of the chlorides 
by sulphuretted hydrogen: the* precipitate ia the 
more active. 

Marckwald f obtained a radioactive substance with tellurium 
as an impurity, whiqKhe called radio-tellurium. It is un¬ 
doubtedly tiie same as polonium. ( Marckwald found that if a 
plate oi bismuth be immersed in a Solution containing polonium 
t^p active matter is deposit* d.on the plate, and thy solution 
‘ 1903,88, sees. 
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remains inactive ., The active matter is also precipitated by 
treating the (solution with stannous chloride. From fifteen 
tons of pitchblende MarcWald obtained ‘sixteen grams .of 
mixed selenium, tellurium, and polonium, frpm which, by 
treatment of the oxides, with ammonia, an insoluble residue 
weighing three millig rams and containing all the active matter 
wae obtained. 

T% radiation is extremely active, consisting entirely of 
a- rays. One-hundredth of a milligram produces intense.phos¬ 
phorescence in a screen of zinc sulphide. The period of half 
change is 136 days, and in this respect and in the nature 
of its radiation polonium agrees exactly with radium-F, with 
which it is doubtless to be identified, 

Marclcwald 1 considered that radio-tellurium or, polonium 
would prove to be tho missing element of the sulphur-selenium- 
, tellurium family, a supposition which has since been confirmed. 
Since• polonium (RaF), is produced from radium by changes 
involving tho expulsion of four o-particles, it follows that the 
atonic weight of polonium should be 226 — 4 x 4 = 210. The 
product radium -0 formed from polonium has therefore an 
atomic weight 206, and has been identified us an isotopio 
form of lead. Another isotope of lead hac been separated from 
thorium minerals (p. 940). • _ 

The lead salts separated from pitchblende are also radioactive, 
but it has been shown that they owe their activity to the presence 
of the transformation producto of radium known as radium-D, 
•E, and -F. , 

An interesting method of separating polonium from lead 
and radium-D by dialysis has been devised by Faneth,* who 
finds that polonium in solution behaves like a colloid and cannot 
diffuse through a membrane made of bladder or parchment. 
Making use of this property it is possible to sepsrate,polonium 
from lead salts and other impurities. ' ^ 

t ffhe properties the various transformation products of 
radium are summarised in tabular form on p. 1631. 

• ACTINIUM. Ac r stf. At. No. V 
665 Actinium, discovered by Debiethe,* is, no doubt, the 
same substance as th^fc desfjibed by Gieael * under’tbe name of 
1 Ba„ ISOS, as, SSI. > Maul*., IBIS, 84. 401. 

• Comt * rent,. 1889, US, SSS; ‘1900, 130, 20*, 1903,188, 448, 787.* 

1 ‘Ser, 1902,96,3808; 1903,88,34 1\ N04, *7, 1898,8983. 
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emowum. It c was discovered in the precipice of rare earths 
separated from pitohblen^, the bulk of which „consisted of 
thoria, and was finally obtained mfsed with lantlyina. It giv“ 
a characteristic emanation, and imparta,activity,to neighbour'] 
objects. * * 

Debieme has shewn that actinium, like radium, gi^fis ri 
to helium proportionate in quantity to the activity of t 
preparation. • 

The present state of knowledge regarding actinium 
summarised in the table on p. 1631. 

Bohwo*3 1 has shown that the amount of actinium present 
uranium minerals is approximately proportional to the isanii 
content of the mineral. This fact suggests a genetic connect! 
between actinium and uranium, but actinium is not in the din 
series of disintegration products of uranium. The connect! 
botwcerf uranium and actinium has been established by llahn 
and Meitner, 1 who showed that actinium is derived -from 
uranium 2 through the branch product uranium-Y (p. 1532), 
and a new product of very long life which they called 
protactinium. 

THORIUM. Th = 33a'<t. At. No. 90 . 

666 Ae Already mentioned, the radioactivity of thorium was 
discovered by Schmidt and by Mine. Curie, and the existence of 
an emanation by Rutherford. 

Rutherford and Soddy, 1 by adding ammonia to a solution of 
a thorium salt^ b« as to precipitate the thorium as hydroxide, 
found that the filtrate contained a substance many times more 
active than the thorium itself. This setive constituent they 
turned thoriupi-X : in a month’s time it had completely lost its 
activity while the thorium had completely recovered its original 
activity. *The decay of activity of the thorium-X, and the 
recovery of the activity of the thorium, are found to be repre¬ 
sented by exactly similar curves; the tim#required for dwfcy* 
to hall value, or for the recovery of half the lost activity, being 
in each case 3-^dayB. . 

Thorium-X appears not to be formed directly from thorium, 
but through three ih&rmjdiate products, mesothorium 1, 

» Amcr. J. Sci.. 1908,85,259. 

• Halm ud Meitner, Piyt. Zcii., 1918, IS, 208; 1919, £0, 127, 529] alio 
Hits, Pin ZtiL, 1920,21,591. 

* PUL Mag., l»fl- [8J. 1370, *69.‘ 
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meeothorium 2 , ^rtd radiothoriuin. 1 . Badiothorifim cannot b 
separated frqjn thorium by any k^jpwn chemical process, no 
can mesothoriqm 1 be separated from thoria£n-X; but the firs' 
two substances fan be separated from the second two by adding 
exdeSa of ammonia to ,* solution of thorium nitrate. Tty 
further changes undergone by this substance are summarised 
on‘p. 1621. 

The final product of disintegration of thorium has bean shown 
to be an isotopic fora of lead, the atomio weight of which should 
from theoretical considerations be 208. Estimations of the 
atomic weight of lead separated from Ceylon-thorito give the 
values C07-74 * and 207-77,* the difference betweenihese numbers 
and the theoretical number (208) being no doubt due to a slight 
admixture of lead derived from radium with atomic peight 206. 
This demonstration of the existence of two fonos of lead with 
atomic weights 206 and 208 respectively affords one of tho most 
direct and striking proofs of the theory of isotopes. 

Thorium, radium, and actinium exhibit many points of 
similarity; *each gives an emanation whose life is short; theee 
emanations have no definite combining properties, and belong 
to the helium-argon group of inert gases; in each case the 
emanation gives rise to a non-volatile rubatanco (thorium-A, 
radium-A, actinium-A] which deposits on the surface of bodies, 
and is concentrated op the negative electrode in an electric 
field. The emanations and the subsequent disintegration pro¬ 
ducts styw very striking analogies both with regard to the 
radiations emitted by each product and othe{ properties. This 
can be seen from the table given on p. 1631. « 


URANIUM. U=* 38 -a. At. No. 

667 The discovery of the radioactivity of uranism by H. 
Becquerel, in 1896 was, as already mentioned (p. 1490), the 
* starting point of tty seriee of brilliant investigations by which 
the science of radioactivity has been established. There is 
strong evidence derived from the radioactive properties of 
uranium that this body really consists of two distinct elements 
which, however, are so similar to eaoh tf-her as to be inseparable 

* Etta, Pm Boy. 8x\ MOatylW, MS; B»„ !»7, 40, HU; 

Ziil, 1807, 8, 877 1 (&S., 1906, », M. 

■ Soddj, Sdau Ait., 1918, 502. , v g 

» Schmid, fail. Shbffcfam,, 19W, J8,181) Phfi. fail., 1817,18,114, 
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by f chemical 'Methods. The evidence reets^on the fact, first 
noticed. By BoHwood anA subsequently- confirmed by GeigeT 
and Rutherford, 1 tliat an atom of*uranium appears to give out 
two a-particlfta t daring <he disintegration instead of one, as is 
tjjie case with most radioactive atoms emitting o-rays. ‘This 
fact can only be explained either by supposing uranium .to con¬ 
sist of two successive disintegration products, or by assuming 
that an.atom of uranium gives out two «-particles simul¬ 
taneously. The latter hypothesis has been disproved by Maraden 
and Bamftt,* and Geiger and Nuttall 9 have shown that the 
a-particlesare not homogeneous. The two types of uranium aw 
.known as uranium 1 and uranium 2, the half change* period 
of one o? whifth is 5 x 10 9 years. 

Von Hqvesy 4 has shown that the valencies of the radio¬ 
elements can be found by observations on their rates of diffusior 
and mobilities in solution. It is shown that at any rate in m&n> 
cases the expulsion of an a-particlo by a parent substanc* 
gives rise to a change of valency of two unite in the resulting 
product. It has been shown by von Heveey and v*i Putn«ky ; 
that uranium 1 and uranium 2 cannot bo separated by diffusion 
and that uranium 2 is not only very similar to nranitun 1, bui 
has also the same valency as that element. In fact they an 
isotopes, • 

Crookes showed" that by a single chemical operation, vis. 
by precipitating a uranium salt with ammonium oarbonat. 
in excess, the whole of the photographic activity of«uraniun 
was concentrate^ * n the precipitate, and the uranium lef 
in solution was photographically inactive. The precipitate 
containing & substance which he called Uranium-X was, photo 
graphically, many hundred times as active as the uranium fron 
Which it.had been separated. Becquerel 7 found that on addinj 
barium chloride to a solution of uranium salt and precipitating 
as barium sulphate, the precipitate was strongly active, photo 
graphically? and the uranium had lost it£ activity. A £ga 
later it was found that the barium had become inactive, whilst 
the uranium had completely regained its activity. 

• The uraniuifi deprived of uianium-X, although* photograph¬ 
ically inactive, is electrically active, this being dne to the fact 

‘ Pha. Mag., 1910, *0, 691. * \Prx. fhf, £«., 1911,8*. 867. 

• Phil. Vaf; 1912,38,439. • Hid., 1913. 28. 890. 

• Ibid., 85 , 416. *• Proe.Kof. 8oc., 1906,66, 409. 

• Cot *}* 181.*001. Uf. 877. 



that the o-paitaclp which it smite is incepebfe ‘of producing 
much photographic action. UraninJ-X can also be separated 
from uranium,salts by boilfhg with lampbkck, which retains 
this product. 1 JJrasiua^X emits only ft- and y-t&yb and has 
been shown to consist of two products, uranium-X, and uraniuiq- 
Xjj haying half change periods of 24-6 days and H7 minutes 
respectively.' They are intermediate between uranium 1 
and Miranium 2, which passes into ionium, the parent^ of 
radium. 

668 Relation of Uranium and Radium .—The further history 
d the transformation of uranium is interesting, for many facts 
point t« the conclusion that radium is one of its transformation 
products. This was first surmised from the fact that the radio¬ 
activity of the uranium minerals is proportional to tlje quantity 
of uranium present' (in the absence of thorium). The ratio 
of uranium to radium in such minerals is almost constant, 4 
and these facts are most readily explained by the supposition 
that the radium is actually formed from the uranium. The 
production of radium from uranium has been measured by 
Soddy, 6 and by Boltwood, 0 who carefully freed uranium from 
radium and measured by the emanation test the amount of 
radium present after the lapse of a year er two. It was found 
that the rate of production of radium was far less. than was 
to be expected if radium were formed directly from uranium. 
This seemed to indicate the existence of an intermediate product 
of slow wte of decay. This product has since been separated 
from carnotite by Boltwood, 7 who gave it (be name ionium. 
This element is the direct predecessor of radium iathe disintegra¬ 
tion series. From measurements on the rate of growth of radium 
from uranium Soddy 8 suggested that the half-change period 
of ionium is of the order 100,000 years. This valub is confirmed 
by Geiger and Nnttafl, who, having determined th^ range of 
the o-partide from ionium, deduced its half-change period 
,toj)o 200,000 years (p. 1606). * 


1 BsoquNl, Crnfi. tend., 1905,141,4*5. 

1 Ftjiuu ind Uehricg, Die Natnnmieenxkijlen, 1919,14, ,3 39. 

* McCoy, Ber^ 1904,87, 2841. 

* 8treK, Pnc. Soy. Sac., 1905, 78. M, 68«J12; Bohwood, Phil. Uo}„ 

1905,(611,599. . 

» PM Mat■. 1*1.®, 76P. 1906, K. 532; 1909, 18, 846; 1910,10, 

840. • Aner. J. Sei., 1905,80,239. 

* 1X4,1906,88, 537; 1907. S4, S^p ; 1908.16.365. 

* PHUicg* 1909,18..856* 




.1631 

669 The Mowing tables summarise our jpssant knowledge 
of {he actfre products ofldisintegration of the r%dio-elenienta. 
The colnran headed half-mange period gives the time of falling 
to half activity, or the. time required for half |he substance’to 
be transformed*into the next product. 
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< 70 . The discovery that the atoms of certain heavy elements 
undergo continuous spontaneous disintegration with the forma¬ 
tion of new substances necessitates a profound modification of 
our conceptions of chemical atoms. Much information regarding 
atomic structures has been obtained of recent years on this 
subject from other sources, and it becomes important to co¬ 
ordinate the knowledge thus obtained with radioactive 
phenomena. % 

From a consideration of the absorption of cathode* rays of 
high velocity, Lenard 1 expressed the view that these rays would 
penetrate atoms and thst only a very small part of tho atom was 
impervious to them. Tho same conclusion has been reached 
and elaborated by Rutherford as a result of h^s investigations 
of the two kinds of scattering of a-particles on passing through 
thin metal foil. The first type, a small angle scattering pro¬ 
ceeding according to the ordinary laws of probability, need npt 
be considered here, bnt the second type, consisting of a very 
occasional scattering through large angles, is of fundamental 
k importance. The nature and distribution sf this scattering have 
* been studied in great detail by Geiger and Marsden , 1 and an 
explanation of their results has boen given by Rutherford * on 
the supposition that the atom is the seat of intense electric 
forces whereby the a-particle can under suitable conditions be 
deflected through angles greater than aT right angle by a single 
encounter with an awn. preface these intense fields, the 

> Am.J’iynt, 1603, 12, 714. . » 

•Anri*. At, 1900, Ml a,4«.« . • PM. Mtf., 1611, H W. 
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atom is aoppoAd to consist of a small positively charged 
“ nucleus ’^surrounded byfc number of rotating electrons which 
neutralise the charge on thAmcleua. In its passage through the 
atom, the a-particle ia attracted by.the electrons producing 
small angle Battering and repelled by the nucleus, and *ie is' 
tfy passing sufficiency closely to the nucleus that the large angle 
scattering mentioned above takes place. The dimensions* of 
the nucleus have been estimated by Darwin to be of the order 
10' 1 * cm. 1 Since the atom is electrically neutral, it follows 
that the charge on the nucleus is equal to the number of electrons 
in the atom, which in turn can be shown, from the results ofy 
scattering, to be approximately equal to half the atomioweight 
of the (Rom in question. Since half the atomic weight of an 
element is in most cases nearly equal to the “ atomic number ” 
or position* of an element in the periodic table, the above con¬ 
siderations. suggest that for any element the nuclear charge, 
and therefore the number of electrons in an atom, is equal to 
the atomic number of the element, an idea which, as we shall 
see later, is substantiated by other evidence. AccoxLing toithis 
view each element in the periodic table contains one electron 
more than the preceding element, and an atom must be regarded 
as analogous to a planetary system consisting of a positively 
charged nucleus surrounded by electrons, equal in number to 
the atofcic number of the element and rotating round the 
nucleus to produce stability. The a-particle on entering the 
planetary system behaves like a comet, passing ir^ general 
almost straight through the atom, but being deflected along a 
hyperbolio patji 3 it happens to pass sufficiently near to the 
nucleya. • 

TMs conception of atomic structure has been elaborated by 
Bohr,' and later by Sommerfeld, from a consideration of spectro¬ 
scopic evidence, particularly for the cases of hydrogen and 
helium, wkioh are relatively simple. The hydrogen atom is 
the simplesj possible? for which the atomic number is 1. # It 
consists of a singly-charged positive nucleus, about whioh rotates 
a single electron. In general, the orbits of the electrons in any 
atom will be elliptical, but the general atomic propfcrtiesjnay be 
described by considering then# as circular. According to the 
ordinary principles of dynamics, the electron could be considered 
to be rotating in an orbit of%ny radius provided that it ia given 
1 0. a. Dwwto, Phil Mag., 18U.J7, 60S. 
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a velocity of rotation which will balance the ittraetion of thi 
nucleua. Soph a system would mMe energy, and it is to Boh 
that we owe the conception that thfee are certain non-radiatin( 
orbits of specified radius representing .special stable states o: 
'the system. Radiation is supposed to take place only wher 
the elytron passes from one position of stability to another 
The possible stable orbits are determined by certain relations 
demanded by Planck's quantum theory, and while the view is 
in conflict with the classical laws of dynamics, it is demanded 
both by the existence of distinct and sharp spectral lines and by 
{he permanence of the atom. The hydrogen ion consists of the 
isolated nucleus the dimensions of which is minute compared 
with atomio magnitudes. The case of the helium atoib u much 
more complicated, since it consists of a doubly-charged nucleus 
surrounded by two rotating electrons. It is not proposed to 
discuss here in detail the constitution of the helium -or more 
complicated atoms, but this conception of the helium atom is of 
importance from our point of view, in that it gives definite 
infomation regarding the nature of the a-particle. By the loss 
of two electrons we arrive at a doubly-charged nucleus of sub- 
atomio dimensions—the a-particle. The properties of the 
a-particle discussed abovs then become clear—its power of 
penetrating matter, and its occasional large angle scattering on 
passing through an atom in the neighbourhood of the nucleus, 
the absenoe of any emission of light by a-particlcs {for there are 
no electrons to emit any), and ha ultimate transformation into 
helium by attracting two electrons. 

The importance of the atomic number as compared with the 
atomic weight of an element has been substantiated by other 
evidertce.besides that derived from the scattering of a-psfticles 
mentioned above—notably from a study of .X-ray spectra. Here, 
too, the idea of the atomio number brings order into phenomena 
where confusion reigns in terms of atomio weights. 

When white light falls upon an ordinary diffraction grating 
the transmitted or reflected light is fonnd to be broken up into 
well-defined spectre of different orders-aooording to well-known 
laws. Jaurf was tha first W recognise that a 'crystal afforded 
an example of a space' grating 1 in whjch the distances between 
the component atom forming the crystal are so small that the 
crystal should behavh towards rajs of very short wave-length 
much as a diffraction grating behave* towards ordinary light. 
If, 98 Jseemed probable, X-rays consisted of ether vibrations 
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having wave-libgths af the order 10"* cm., th^ crystalline space 
grating wotfld be of the wht dimensions to produce Z-ray 
spectra. Lane’s idea has Deen Brilliantly justified by the 
experiments of Laue, Fnednch, and Knioping, 1 in which it was 
shjwn that Z-rays can be diffracted by paseing through crystals, 
thus establishing beyond doubt that the Z-rays consist of.cthfr 
waves of extremely short wave-length. This phenomenon 
supplied ^ once the means of 
investigating the structure of 
crystals, and of measuring the 
wave-lengths of tbe Z-radia- 
tions emitted fnpn anti cathodes 
of different materials when used 
in a discharge tube. The ques¬ 
tion of crystal structure is 
beyond the scope of this sec¬ 
tion (but see p. 213), but the 
investigation of Z-ray spectra 
from different elements haa 
contributed much to our know¬ 
ledge of atomic structure, and 
the results obtained jrill be 
briefly reviewed. 

The genera] theory of the 
space grating is not alto¬ 
gether simple, but fortunately 
the diffraction effects produced 
by crystals on Z-rnya can be 
treated in a simple manner by 
oonsidAing certain planes of 
symmetry in the crystal as Fra. 210 , 

equivalent tg reflecting surfaces 

selectively reflecting special wave-lengths. It can be shown that 
if Z-rays imjjnge on Itch a plane of a cry^al at an angle 8 , 
then maxima of intensity will occur if 

> WanO = 9\ 

where d is the grating constant, X tfle wave-length of the radiation, 
and »an integer. # I 

In Kg. 216 is shown a typical piece ef apjiratus for obtaining 
spectra. The rays from the antioathode, A, after passing though 
, 'Lot. A. 
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suitably situated ^its, 8^ 8*, plaoed to confine the beam iall upon 
a crystal at € and, if of wave-lengtybuoh as to conform with tho 
equation justrgiven, are reflected on to a photographic plate or 
, iopisation chamber placed at P. By rotating % crystal rays of 
differept wave-lengths out be brought into action. 

.Prior to the discovery of the diffraction of .X-rays by crystals 
Barkla 1 bad shown that when oathode or X-rays impinge on 
different elements, certain characteristic secondary .radiations 
are emitted by each dement. The phenomenon was studied by 
pbaervations on the penetrating power, or hardiRsa, of the 
‘Secondary rays emitted, and it was shown that the hardness of 
the secondary rays increases with the atomio. weight of the 
element upon which the primary radiation falls. 'The character¬ 
istic radiation emitted by an element was thus seen to be an 
atomic property depending on its atomio weight. Barkla 
showed that the characteristic radiation fell into two series 
which he called K- and Z-radiations (a third type, the M-radia- 
tion, has since been discovered by Siegbahn). On account of 
thiffact that the characteristic rayB were always softer than the 
exciting primary rays, Barkla described the secondary radiation 
as fluorescence radiations by analogy with fluorescence as observed 
in optics. t 

The detailed study of these phenomena and their explanation 
according to modern views on atomic structure baa become 
possible by the application of the method of spectrum analysis, 
Moseley 2 was the first to make a systematic study of the elements 
by this method, and to bring out the importance of the atomio 
number of an element in this connection. Thermethod of spec¬ 
trum analysis and the introduction of the idea of atomic numbers 
as opposed to atomic weights renders the results at once definite 
and simple to interpret. * » 

In Moseley’s experiments cathode rays were allowgd to fall on 
anticathodes of different metals which could be changed at will, 
and the X-radiation thus produced waB examined {ty means of a 
crystal as described above. The X-radiation from elements 
ranging from Ca (atomic number, Z, = 20) to Cu (atomio number, 
Z, = 29) were examined and the results shown’in Kg. 217 were 
obtained. From an examination of figure it appears that the 
oair of lines emitted; by e^ch element and known as the X,-and 
S',-line respectively move tegularlj' to positions of smaller wave- 
1 PM Mag, IMp, 17, 739; 1911, 81,270. 

* no, 1913,28,10»; J9U, *7, 703. 
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length* wfch'inlSreasing atomic numbers ami in such a way that 
the* mote Intense and setter 2T,-line can be repfeeented in a 
manner similar to *hat givfh by Balmet for the hydrogen series 
in optica represented by the formula * 


where v ia the frequency of the vibration, Z the atomic number 
of the element, and N the well-known Balmer constant.,*,The 
results obtained by Moseley for the K series have been extended 
by Siegbahn to the L series, and a newly-discovered M series. 1 


Fia. sir. 


The^eneral reaults obtained by him are Bhown in Fig.*!18, ih 
^hich the atqmio numbers as ordinates are plotted against wave¬ 
lengths'as abeoissK. It ia at once evident that the frequencies 
of the chSracteristic vibrations progress regularly with increase 
of atomic number awpreviously shown by Moseley. 

These important results receive a simple explanation on the* 
theory of atomic constitution propounded by Rutherford to 
account for the scattering of o» particles, and elaborated by 
Bohr from spectroscopic evidence. Aa we have seen, the atom 
is regarded as consisting of a positively charged nucleus sur¬ 
rounded by rings of electrons rotating in Approximately circular 


» StogUta, V*k. i. Dtultci. J>4»». Qu., 1916, 18, 278, *nd ^mMu, 
J*.fVtt,l»18,S7.M7. 


orbita. From evidence dedwfed from the periodicity of atomit 
volumes end other^phenomena, it m tto he suppoeed that ai‘w 
proceed through the periodic aystefo of elements adding ozu 
new electron aI we pass from one element to the next of higher 
utoi/dc number, a new rin^of electrons is added suUceasively aa we 
reach eaCh univalent alkali element, Proceeding from the nudeifi 
ouf*an3s the successive rings are known as the R-, L-, M-, 
N-, etc., rings respectively. Without going into any detail as 

* r • 
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*ng radiatiofl will be emitted by tjie atom^iy the transference 
of electrons to the L-rwg ram the outer if-, X-rings, etc. Thus 
we see in general that X-raaiatioiis*»e produced yhen an electron 
falls from an outer ring into the X-rir^, and sp oil The series 
of jff-bnee discovered by Moseley and phown in Fig. 218 are pro¬ 
duced by electrons*falling respectively from the L- and ,W-rings 
into the Z-ring, and the reason that only two lines were observed 
in these experiments is to be found in the fact that the resolution 
employed was insufficient to detect lines due to electrons 
coming ffom the outer ringB. With higher resolution the 
characteristic X-ray spectra can be shown to be more compli¬ 
cated, the Xjjfline being broken np into a doublet. * 

We now obtain an explanation of Moeeiey’s formula (p. 1637) 
on Bohr’s theory, in which the energy of the £-ring is given by 

W. = Nh { -^? 


where h is the fundamental constant in Planck’s quantum theory. 
Similarly for the X-ring, 




Then tha%nergyemitted when the electron falls from the L-ring 
into the X-ring, giving rise to the X-radiation, is given by the 
relation 


w, - w> - vh = M(Z - 1)*(A - 2 \) 


whenpe • v = }N(Z — 1) ! 

« 


{J; is not possible to consider here any of the finer points regarding 
X-ray and other spectra, and the reader is referred to special 
treatises 8n the subject. 1 

1 ». gommerfsid^tomiau laid fyehralKWt* (Vising, 1010). 
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(hroiftinm s adMa , 1054 
Chromium arsenides, 1086 
(hroralnm borides, 1085 
Chromium carbides, 1086 
Chromium carbonate, 1080 
Chromium dioxide, 1069 
Chromium group, 1060 
Chromium monoxide. 1066 
Chromium nitride, 1083 
Chromium phosphide, 1084 
Chromium seaqnioxide, 1066 
Chromlumauiinidee, 1088 
Chromium trioxide, 1069 
Chromium tungstates, 1134 
Chromosufpboohromio add, 1083 
Chromoeulphurio acids, .1083 
Chromoi* acetate, 1078 
Chromoua bromide, 1076 
Cbromoua carbonate, 1076 
Chromoua ohloride, 1074 
Chromoua cyanide, 1086 
Chromoua fluoride, 1074 
Chromous hydroxide, 1068 

a out iodide, 1075 # 
oua sulphate, 1078 
Chromoua sulphide, 1078 
Chromyt dfchloride, 1070 
Chromyl difluorMe, 1070 
CtrjsobeAl, 638, 748 
Obrjiioooila, 466 
Cinnabar, *92, 713 . 

daeeifloation of the element*, 43 
Sana kiln, 316 ' 

Say iron-stone, 1226, 1227 
days, 760 , 

OlnMlaait^ 466 


Cobalt, 1828; atomid wetefat of, 69, 
1364; datection of, MIM; estima¬ 
tion of, 1864; preparotion of, 1331; 
properties of, 1331 

Co Ml6 and nickel, separation of, 
1386, 1387 • 

Cobalt antimooldes, 1349 
Oobalt arsenates, 1349 
Cobalt arsenides, 1348 
Cobalt axoimide, 1343 
Oobalt bloom, 1329, 1349 
Cobalt blue, 1333 
Cobalt bromide, 1339 
Cbbalt carbonates, 1349 
Cobalt carbonyls, 1360 
Cobalt chlorate, 1340 
Cobalt chloride, 1338 
Cobalt dioxide, 1336, ' 

Cobalt glanoe, 1829, 1348 * 

Cobalt green, 1334 
Cobalt lodate, 1340 
Cobalt Iodide, 1340 • 

Cobalt nitrate, 1344 
Cobalt nitride, 1342 
Cobalt nitrite, 1343 1 

Cobalt nitroaotrioarbonyl, 1360 
Cobalt perchlorate, 1340 
Cobalt phosphate*, 1349 
Cobalt phosphides, 1348 
Cobalt pyrites. 1341 
Cobalt rod, 1334 
Cobalt silicates, 1362 
Cobalt aiheides, 1352 
- Cobalt >olphide, 1340 
Cobalt tetraoarbonyl, 1369 . 

Cobalt tricarbonyl, 1360 
Cobalt ultramarine, 1333 
Cobaltammine salts, 1346 
Cobaltio ammonium alum, 1342 
Cobaltio fluoride, 1337 
Cobaltio hydroxide, 1336 
Cobaltio oxide, f836 
Cobaltio sulphate, 1142 
Cobaltio sulphite, 1341* 

Cobaltkyamo add, 1362 
Cobaltite, 1329.1348 
Cobaltitoe, 1337 * 

Cobalto-oohaltio oxide, 1836 
Oobaitou* ootaItioyamde»J352 
Cohaltons ooba&te, 1887 
Cobahotu wtfSde, 1361 
Coballoua flooside, 133) 

Cobakoua hydroxide, 1334 
Cohattous oxide, 1333 
Cobakons sulphate, 1841 
Cobabou* sulphite, 4841 
theline, 1334 
CceruUmn, 1334 


sulphate, 1841 
sulphite, 4841 


age, nickel, 1360 
aus, stirtr, 479 
otlir,U88 
irgol, 478 

dual solutions of mate!* 91 























































Decbeaita, 944 
Deaekirita, 944 
Diailverfaatioo of lead, MS 
pUbgite, m3 
Dianium*976 
Diaspora, 730, 741 
Diffusion of motels, 36 
Dilute solutions of ealte, acids and 
bases, 203 




Dioptaao, 456 

Disintegration constant, 1611 
Kerntogration theory, 1612 
Dissociation, 138. 146; electrolytic, 
109 

Divaoadyl hydroxide, MO 
Dolouite. 646.644, 060 
Donwyhite. 454 
Double salts, 118,127 
DoaUstio theory, 103 
Ddrenite, 1297 
Dolong and Petit’s law, 16 
Dens substitute, 286 
Duralumin, 739 
Dutch brass. 671 
Dutch white, 834 
Dyeoraeite, 461, 999 
Dynprociofi, 828 


Earthen ware, 760, 766 
Ebb de-Janlle, 269 
Sau de Bebarreque, 268 
Khaboron, 70 
I j fra jiimjqfa m, 70 
Ekaeilioou, 70 

Electrochemical theory ed valency, 39 
EleotrolyBis of alkali aalta, 108 
Klectrolyeie of brine, 327 
•EWttrolytio dissodatioo,*l09 
Electrolytic soda pcuoeaa, 825 
Elootrons^tO 

Eleetro-nkkel plating, 1361 
Eleetrotyping process, 431 
Elements, H is sllk s tio n of, 43 
£10010111140 sen's stmesphere, 171 
Emaoa&m, 1611,1621 * 

Em to lit*, 488 
Emerald. 638,740 
Emerald oopper, 466 
Emery, 740 


Knlytite, 1032.1047 «. 

Europium, 826 
Kotectlo miitores of metals 
Sunnite, 796, 803, 869, 671 
Rveritt'e salt, 1312 
Explosive antimony, 1003 


fbienoe, 766 
felspar*, 731, 769 
Forbehte. 1124 
Ferguaonite. 796,975 
Feme acid, 1278 
Ferrio ammonium sulphate, 1 
Fordo anenetoe, 1298 
Feme araenlte, 1298 
Fomo broqida, 1280 
Fem'o chlorida, 1276,- hyd 
126; vapour density of, 33 
Ferric femoyanidee, 1319 
Ferrio ferroevanidee, 1312 
Ferrio ffuoride, 1276 
Ferric hydroxide, 1269 
Ferric nitrate, 1293 
Fento nitride, IC93 
Fanio oxide, 1268 , 

Ferrio oxyohiorideo, 12?f0 
Fatrlo phosphates, 1297 
Ferric potassium sulphate, IS 
Ferrio sulphate, 1209 
Ferric sulphide, 1288 
Ferrio thlooyanate, 1324 
Farricyanic add, 1311 * 
Fcrricyauojeg.'wmpooada, 1! 
Ferrite, 13&3 
Ferritei, 1272 * 

Feirooyanio acid, 1307 
Fertooyanogeo compounds, 1 
Ferrocyanogen radicle, 1303 
FerroheptanltroeosSlphydrio 
1295 

Ferroumnganeae, 1229 
Fenopeotaoarbooyl, 1300 
FaronhooD, 1826 
Pemeo-ferrio ohloridei 1276 
Ferroeo-fenfa fluoride, 1275 
fe rroao-fstrlc oxide, 1296 







Pestoao-ferrio iXipSatce. 1391 
Fer*atetrsosfJxmyl, 1301 | 

Forma* lunnvmhun sulphite, ISO 
Ferrous bicarbonate, l|Xi • 
Ferrous bromide, 1230 
FerAn* oerbonate, 1300 • 

Ferrous chloride, (275 
lemma chromite, 1060 
Ferron* eobeltioyinide, J352 
Ferroo* cyanide,’ 1302 
Fenoua dleulphate, 1290 
Femme fcjroovanides, 1311 
Fecrou fluoride, 1275 
Fenoiu hydroxide, 1265 
Femme iodAe, 1281 
Ferrotut nitride, 1293 
Ferrous nltwte, 1283 
Ferrou oxide, 1255 
Ferrone |»rohlorfce, 1231 
F*tou« phoephito, 1296 
Fecroag eolphete, 1237 
Ferrone sulphide, 1282 
Femme sulphite, 1285 
Femes thiocyanate, 1323 
Ferrous tungatato, 1131 
Fibro-ferrite, 1201 
Fischer’s salt, 1313 
. FUnlr epeotia, 151 
Fluoridce, 131 
Fhmrochromates, 1070 
202. 200. 552 
■ solution, 368 
Freotnre of metals, 81 
FrsmUuite, 651, 1221 • 

Fraunhofer^ lines, 171,178 
Freesing-Bomt curves for alloys, 80 
Fulminating gold, 637 
Fulminating platinum, 1130 
Fulminating silver, 181,181 
Fusible metal, 1036 
Fusible white preoipitate, 723 
Fusibility of salts, 131 


Oedolnitc, 796, 797, BOO 
Gadolinium, 327» s 
Uehnite, 681, 716 
Gelena, 902.936 

Gallium, 70/771 j atomic weight of, 
775; dlecovery ofpiU; prepare- 
tion of, "72; ptopccriaTof, 773 
Gallium, chloRdes, 771 
Qalilum nitrate, 771 
QsJButn oxide, 773 
Gelllum eelwete, J71 
GeJhuo sulphate, 771 
v-nyi, 1502; Ionisation by, 1610 > 

Garnet, 202, 731,769 * 

Gmuerite, 1386, 1381 
Qcikiellte, 889 « 

Germanium, 7% 868; etomio weight 
of, 871; detection of, 871;eatim»- 
l ttonot871i propertieeot868 a 


icraaniom ohlnroform, 870 
Germanium dfchkwide, 871 
Germanium fluoride, J70 
ftpa inanpiTi, hydride, 870 
(ftnnanhun oxidee# 889 
Germanium oxyrfiloride, 870 
Germ aft ora sulphides, 871 
Geotumium tetrachloride, (UO 
German silver, 1363 
Gibbeite, 711 * 

Gilding, 526 

Gilpimte, 1150 , 

Glees, 681; snnecling oh *002; 
ooloured,»606; camporition of, 689; 
decomposition of, 004; devitriflea- 
tion of, 506; history of, 586; 
manufacture of, 683; thermal ex¬ 
pansion of, 591; varietia of, 589, 


Glass of antimony, 1021 
GIm barite, 271,672 
Gunter’s salt, 271 
Qhioica, 687 

Ghwinum, 535; atomic weight oh 68, 
512; oompounde of, 637; detection 
of, 542; estimation of, $18; pre¬ 
paration of, 686; properties of, 637 
Gtocinum borooarbide. 611 

Otacinum bromide, 611 
Ghioinum carbido, 611 
Glnoinum oerbonates, 611 
Qlumnnm chloride, 640 
Ghioinum fluoride, 640 
Qlucinum hydroxide, 640 
Glnoinum Iodide, 540 
Gfacinum nitrate, 641 
Glnoinum oxide, 637 
Uhioinam phosphate*. 641 
Glucinsm sulphates, 640 
Gothite. 1269 j 

Gold, 607; elloys of, 626; etomio 
weight of, 68, 543; ooHoidel, 623; 
oompounde of, 527; deteotion of, 
5U; estimation of, 541; electro- 
dcpoeitlon of, 526; extraction of. 
511; fulminating, 637; native, 611; 
occurrence of, 507; preparation of 
pure, 520; properties of, 820; re¬ 
fining end parting of, 517; world's 
produotion of, 610 
Gold-a m a lg a m , 527 
Gold brontt, 739 
Gold bulkoi assay of, 542 


Gold brontt, 739 
Gold bulkoi eseay of, H 
Gold ooinage, 626 
Gold cyanides, 539 
Gold halides, 529 , 

Gold oxides, 527 
Gold one, assay of, 512 
Gold phosphides, 689 
Gold sulpffides, 531 
Qjd teUxride, 687 
Goniometer, 185 
Goelerite, 661 
‘anxnattte, 581,688 





.JNOTX 


Green vitriol, 1987 
Groaaman'e alloy, 739 
Gtomlar, 711 
Guarioite, 839 
Guignet'a gnu. 10P7 

Gun-mesa], 880 
Gunpovder, 362 
Gypaum, ^46,388 


‘ H*m*f.'e, brown. 1212. 1223, 1227; 
red, 1212,1224, 1227 
Hafnium, 868 
Hridicgerite, 376 
, Hunbun white, 913 
Hardmiiugnf oil*, 1388 
HardeniteH283 
Hamotome, 820 
Hatebett'a brown, 1310 
Hauerite, 1172,1107 
HeOyne, 760 
Ilmuniunite, 1172,1177 
Heavy a par, 620, 628 
'Heavy atone, 1124 
Helium, diaoovery of, 172 
Helium from indium, 1620 
Hemihjdral forme, 201 
Hemimornhite, ®84 
Hcxtgoctu ayitem, 201 
Hexavaaadlo add, 962 
Ifolmium-628 
Hom-nuleEailvor, 70t 
Hom-eilvor, 481,484 
Hobnerite, 1124,1134 
Hyacinth, 849, 867 
Hyelophene, 820 
Hydnugilllte, 741 
Hydratea end volubility, 119, 122 
' »ulio (fiment. 383 
nolle lime, 360 
nnlio moiur, 682 
, aalte oL 409 
ilum, 1409 
Eematite, 1289 
_niaof aalte, 111 
Hydromuneeite, 669 
Hydroridoe, 112 
Hydroxylamino, selta of, 408 
.Hydruandte, 664 
Hypoohloritae, 131. 368 
‘ Hjpvaoadatea, 060 a 
Kypovanedlo hydrate, 960 
Hypovanadio sulphate*, 988 
Hypoventda aulphite, 966 


Qllnm, 1366 
HrnenKe, 832, 833,839 
ffy*nh tpi t 970 
Imidoc bromic uM, 1072 
[noandcmnt mantle*, 815,800 > 


; IndieaSom, 1 



,110 *• « 

Indict*, oryatal, 189 
Indigo-ooppcv, 448 " t 

Indim, 773; atomic weight .of, 68, 
780; detection of, 780; diaoovery 
d, 178. 

Indium ammonium 41am, 779 
Indium bromide, 778 
Indium chlorides, 278 
Indium compounds, 777 
Indium fluoride, 778 
Indium hydroride, 777 
Indium iodide, 776 
Indium nitrate, 779 
Indium oxide, 777 
Indium eelenete, 779 
Indium eulphate, 779 
Indium aulpbide, 770 
ludium aulphite, 779 ‘ o 
Infuaible white precipitate, 722 
Zntonepti, law ot rational, 168 
Intermetiiiic compounda^M 
Iodargyrite, 489 
Iodine, atomic weight of, 09 , 
Iodoatonnlc acid, 861 - 

Ioniaation of guea, 1300, 1609 
Ionium, 1530, 1631 
Iridibromidca, 1446 
Iridichloridoa, 1444 
Iridioyanic add, 1447 
Iridicyanidea, 1447 
Iridiochloridea, 1444 
Iridionitritei, 1447 

Iridium, 1423. 1438; alloy*, 1441; 
ammooiaeal derivative* of, 1448; 
atomic weight of, Sflf 1449; 
colloidal, 1441; detection and 
eetimatioa of, 1449; preparation 
of, 1439; propeitiei of, 1430; 
enongy, 1440 
Iridium black, 1440 
Iridium bromidea* 1446 
Iridium cbioridea, 14^3 
Iridium hydroxidoa, 1442 
Iridium iodide, 1443 
Iridium oxides, 1442,1444 
Iridium auiphatea, 1440, 1447 
Iridium eulphidca, 1440 
Iridium enlphltoi, 1446 
Iron, 1210; atomic weight of, 1329; 
compoundu^ol204; detectim of, 
1326; cetmatlon of, 1327; grey, 
1237; leotope*of,1329* metallurgy 
of, 1221; raeteorio, 1211; mottled, 
1237; ore* of, 1212, 1223; peedv*, 
1216; preparation of pure, 1213; 
properties of, 1214; reduced 1218; 
> mating of, 1216; opongy, 1218t 
varietU* of, 1222; white, 1237 
Iron alum, 1291, 1292 
IrooBmalgam, 1220 
Iren aresmdee, 1298 
Iran boridee, 1298 
Ilya carbide*, 1299 



ran oejbooyle.MOO, 1*01 

j?ma ,^ 13W5 

ton ferrfoyantdee, 1813 
too ferroeyanid*.' 1318 
ton* magnetic ozido ol, 115,. 1286 
ton nilrtdo*, 120S> 
gm, nitroeo-aomponnde ol, 12*3 
ron pentaoyano-cogiponndj, 1320 
ran phosphides, 1254. 1295 
ton pyrites, 1212, 1223, 1285 
ron suicabre, 1325 
ran silioiifts, 1325 
ran cubeulpbidc, 1262 
ran tree, 1925 
tab* ten, 1498 
sodimorph^rm, 238 
somorphism, 24, 230; ami chemical 
constitution, 281 ; 

Mtnorphoui mixtures, 234, 235 
homorphoos eerier, 26 
ieotopoe, 74.J4S8,1499,1515: repara¬ 
tion of, 76; spectra of, 163 


lameaonite, 999 
Jargon, 867 
Jobonnito, 1161 


sulphide, 810 
di. Mo 


K-radistion, 1636 
Kainito, 344. 865. 644 ; 

Kaolin. 731. 759 
Keif tut, 79# 

Kellhaulte, 795, 833 
Kenunohalite, 749 
Kermeslte, 1024 
KJonrite, 344, 044, 062 
Kloinite, 711 
Kupferalckel, 1356, U80 


I,-radiation, 1636 
labile systems, *24, 234, 

Abiadorito, 731 
Lanarklte, 903 
Laathanite, al2 

Lanthanum, 80S: ataxic weight of, 
813; detection of, 812;*wtimntion 
of, 812; prSpertiee of, 809 
Lanthanum bin mate, 811 
lanthanum oarbide, 812 
La n tha n am oarbonnte, 812 
Tytfiffrfinim ohlOfflOO, 810 
laalhamun hydride, 810 
L a n t han um hydro iido, 810 
Lenthanom nitrate, 811 
La nt ha n am nitride, 811 
l a nth a num oxide, 810 
Lanthanum peroxide, 810 
L&thanom aolphate, 811 
vob. n. (n.) 


I*pi» lexuli, Mo 
Laarionitc, 923 
Laurite, 1389,1395 * 
li* of Suhag an4Petit, 16 , 

Law of^tutnetrigal oryetallograpii 

Law of mast action, 137, l^p 
lew of octarea, 48 
Law of rational intercept*, 188 > 
lerurite, 766 

Loadetone, 1224 , • 

Lcrandite, 781 * ■ 

Lead, 902 * action of water on, I 
anoic weight of, 636; oolki 
916; compotmda of, 916; detec 
of, 937; deeUrreriaation of, I 
electro-refining of, 912; -etitna 
of, 939; taotopea of, MO, 1 
1528; poisonous action of, 1 
preparation of ehomically r 
913; properties of, 914; smel 
of, 903; world's produo tun 
913 

Lead antimonate, 1014 
Lead borates, 930 
Lead bromide, 925 
Load carbonates, 930 
Load chloride, 922 . 

Lead chromates, 1067 
Lead oyonate, 934 
Lead cyanide, 934 
Lead ferrioyanide, 1313 
Lead fluorides, B22 
Leadhillite, 903 
Lead hydride, 922 
Lead hydroxido, 017 
Lead imidc, 928 
Load Iodide, 925 
Lead motavanodate, 965 
Brad molybdate, 1108 
Load mouuxide, 010 
Lead nitrate, 929 
lead nitrite, 928 
Lead orthovenadate, 965 
Lead oxybrnmide, 925 
lead oxyohloridee, 923 
Lead peroxide, 919 
Lewd pereulphate, 928 
Lead peruranato, 1157 
lead phosphates, 930 
Lead pyrovapadate, 955 
Lead sesqnBxide, 918 
Lead eilicates, 934 
Lead mboxide, 017 
Lead eulphate, 927 . 

Lead sulphide, 926 
Lead tetraohloride, 924 
lead tetmranadace, 058 
Lead tungjUte, 1134 
LAd Titool, 927 
Lehlsna soda proceei, 298 
Leipalg yellow, 1068 
lemon ohro me, 1067 


' 3’A 


U4UU 


Lepidolito, 241, 879 » — 

Leuoophane, 838 e» 

Libetfienite, 484. 

Liahtenberg'* mltai. 1035 
Liebjgite, 1150,1^7 * 

Light, action of, on silver salts, 804 
tLira«,i5<3; nuperpffospbale *f, 576; 

Iinpatode, 646,540, 676 
Limonite, 1226,1269 
Linnuite, 1329, 1341, 1365, 1976 
Lipaliu metal, 1036 
Liquation in alloys, 94 ♦ 

Lithargo, 916 

If thium, 241; atomic weight of, 252; 

. , detection of, 261; estimation of, 
262; eecnnenoe of, 170; prepara* 
lion of, 244; properties of, 245; 
eaile of, 247; eoureei of, 242; 
spectroscopic deteotion of, 170, 251 
Lithium amide, 246. 

Utbiuo axoimide, 249 
lithium carbide, 249 
I Lithium oarbooate, 250 
Lithium chloride, 247 
lithium cyanide, 260 
lithium Suoride, 247 
Lithium hydride, 248 
lithium hydroxide, 246 
Lithium imidc, 216 
Lithium iodotetraohlorido. 246 
Lithium nitrate, 249 
Lithium nitride. 248 
lithium nitrite, 249 
lithium oxide, 246 
Lithium perchlorate, 248 
Lithium peroxide, 247 
Lithium phoephate, 249 
Lithium piatinicbioride, 1478 
Lithium silioatee, 251 
lithium silioide, 251 
Lithium aulpbate, 248 
lithium ultramarine, 768 
Liver of aulphnr, 383 
Liven <N antimony, 1021 
, Lollingite, 1298 
Lorandite, 781 
Lunar cauetic, 495 
Luteoium, 829 


M-radiaiioo, 1538 
Mxdex,2£S 

Magittery ol bismuth, 1045 < 

Uagnahn, 846 

Magueda, 843, 646 « 

Magnedaalbe, 643, 658 
Magnesite. 844. 857 » 

Magnedum, 843; atomioaweighl of, 
, 861; oompoundx of, 848; detection 
of, 660: eatimatinn of, 660; pre¬ 
paration of, 644; preportiee of^6A 


/ago 


t alumina!* 744 


Wfif yfy rn 

Majjesium anenatea, 887 
ttyuuliim bromide, 651 
Magnesium oafbidee, 857 
hfegnasipm carbonate* 857 1 

Magnedum chloride 850 
Magnesium oobaltite, 1337 
Magnesium farritf, 1273 
Magnesium fonoeyanide, 1310 
Magnesium4uorido, 850 
Magnesium hydroxide, 649 
Magnesium iodide, 662 0 
Magnesium molybdate, 1107 
Magnedum nitrate, 885' 

Magneeium nitride, 856. 

Magneeium oxide, 018 
Magneeium oxychlorides, 851 
Magnedum peroxide, 649 
Magneeium phosphates, 655* r. * 

Magneeium phosphide, 866 
Magneeium pUtlnooyanidc, 1485 
Magneeium silica lee, 880 
Magneeium eilioide, 659 
Magnedum sulphate, 203, 852 
Magneeium sulphide, 662 
Magnetic iron ore, 1212, 1924, 1227 
Magnetic oxide ol iron, 116,1266 
Magnetic pyrites, 1212,128A 
Magnetic •pootnim # 1509 
Magnetite, 1224 
Msguoferrite, 616 
Magnus' Green Salt. 1482 
Malachite* 413,456 
Malleable iron, 1222, 1239, 1246 
Manganates, 1186 * 

IhngeoM*, 1171; alloya of, 1176; 
etnmio weight of, 1207; deteotion 
of, 1204; estimation of, 1200; 
preparation of, 1172; properties 
of, U 74 

Manganese alums, 1199 
Manganese amalgam, 1175 
Manganese aatimonidn, 1202 
Manganese areemdos, 1201 
Manganese borate, 1202 
Manganese horidee 4202 
M angaooao bronne, 11751 
Manganese oarbide, 1202 
Manganese carbonate, C03 
MsngancNjWite, 1059 
Manganeffuioxide, 1179; regmora- 
tioo of, 1181 *• 

Manganese disulphide, 1197 
Manganeee heptoxide, 1187 
Manganese nitrate, 1200 
Manganese nitddt 1200 
Manganeee one, valuation of, 1206 
Mang«ieso peroxide, 1179 
Manganeee panulphate, 1199 
Manganese phosphide* 1200 
Manganese aiheldea, 1833 
Manganese spar, 1172, 1203 
»M an ganeee steeL 1281 



DTDSX, 




Mxuuaw'n^id*', 1196, I2M . 
M*i%*naee tetouehloride, 11 M « 
M a n g ms oc thiocyanate, 1303 

Mangaaroe trichloride,<1194 • 

Manganese trioxide, 1184 
• M a ng a ne s e tungstate, 1134 • 
Mangaolo bromide" H96 
Mhnganlo fluoride, 1192 
Mangsaio hydroxiddf UK 
Mangsaio oxide, 1178 
Manganic phosphates, 1201 
Manganic tolphate, 1108 
Manganic, 1175, 1366 
Mangaoite, U72,1178 
Maoganites, 1181 
Mangano-caloite, MS 
Haagano-mloganio oxide, 1177 
Mangano-tantaHtf, 075 
, Myigandls aluminium sulphate, 1198 
Manganous anenate, 1201 
Manganoua bromide, 1100 
Manganous olloride, 1193 
Mang anoua dithiooata, 1200 
Manganous fluoride, 1102 
Manganoua hydroxide, 1170 
Manganoua iodide, 1190 
Manganoua oxide, 1170 
Manganoua phosphates, 1201 
Manganoua silicates, 1204, 120S 
Manganous sulphite, 1107 
Manganous tetriodate, 1191) 

Mapping apaotro, 107 
Marble, MO, 078 
Maroaaite, 1031,1286 • 

Martensite, «63 
Mass action, law of, 137, M0 
Masaloot, 910 
Mane spectra, 1496, 1547 
Mstlockite, 90S, 023 
Matt glass, 010 
Meeraohaum, 844 
Melaconite, 413 

Molting points of 4be elements, 03 
Monaohiurite, 812 
Mendsfltev's system, 50 
Meodlpte, 90S, »J3 
Mtrounal ointment, 698 • 

Mercurial poisoning, 726 
Mo re uric aoetplide, 710 
Mercuric arsenide, 710 
Mercuric bromide, 712*' , 

Meteoric bromgfluoride, 708 
Mercuric osrboaatet, 719 
Mercuric chloride, 70S 
Mercuric ohlorofluoride, 708 
Mercuric compounds, 700 
Merourio oyanate, 720 
Mercurio cyanide, 710 
Uenwiie StKoide, 708 
Heromie hypcoltrite, 718 
Meronric ittfide, 712,724 
Msrooria nitrate, 717 
Htanrie nitrite, 718 
Meronric oxide, 7Q3j 


lenrarie oxyehtotdea, 711 
Merourio oxyo$unido,.720 
Meronric perchlorates 718 
Mercuric phosphide, 718 
Mercuric sulphate, *f 17 
Mercuric sulphide, 713 
Merouno thiooyante, 720 
Merculuus bromide, 700 < 

Mercurous carbonate, 708 
Mercurous chloride, 704 
Mercuiona compounds, 700 
Mercurous fluoride, 704 
Mercurous iodide, 706 
Mercurous nitrate, 707 
Merouront nitrite, 707 
Mercurous oxide, 702 
Mercurous sulphate, 700 
Mercurous sulphide, 706 * 

Mercury, 691; alloys of, 698; ammon- 
lacal compounds of, 720; atomic 
weights of, 727; ooiloidsl, 698; 
compounds of, 700; doteotion of, 
725; estimation of, 720; isotope* 
of, 727; manufacture of, 6S3; pro¬ 
perties of, 690; purification of, 096; 
uses of, 698; world's production of. 
896 

Mercury and its compounds, thera¬ 
peutic sees, of, 724 • 

Heronry nitride, 717 
Mercury poriodido, 713 
Memory peroxide, 703 
Meeothonum, 1527. 1531 
Motsbisulphitee, 136 
Metalloids, 4 

Metals, boiling points of, 03; con¬ 
ductivity of, 66; crystallino form 
of, 80; diffusion of, 95; molting 
points of, 63; moleoular weights 
of, 26 ; specific heat of, 15; vapour 
density of, 20 

.Metals and non-metals, 4, 0 
Metals, colloidal solutions of, 81 
Metastsble systems, 124, 234 
Meteetannic arid, 885, 887 
Metavanadio arid, 861 
Meteoric iron. 1211,13661 
Mica, 731 

Mlcroeosmlo salt, 401 
Miorolite, 975 

Mloroaoopieal study of alloys, 90 

MlUerian indices, 189 

MlllariW. 1366, 1876 

Millnn's base, 721 

Milk glam, 600 

Milk of lime, 561 

Mlmetealte. 903, 930 

Minium, 918 

Miapiokal, 1£98 

Mohr’s Salt, 1290 

Mokoular Wt of compounds, 22 

Molecular weights of metallic com-* 

a pounds, 14 a 

Molecular weights of the c^tals,'2B 



«Bten: 

-i h 


Koleeole and atom, 27 ,, 

Molybdataa, llOt 
Molybdenite, I0W, 1118 
Molybdennm, 1086; atomic welaBt 
of, 84, 1129; detection of, 1121; 
eetireation of, 11X2: halidf bases 
of, 1113; metallurgy of, ,1007; 
propertiSs of 1098 
tfoljbdeimra boride, 1120 
itolybdeoum carbide*, 1120 
Molybdenum cyanides, 1120 
rfoly'&Tnam drbromide, 1113 
dotybdenum dkhloride, 1H2 
Molybdenum di-iodide, 1113 
Molybdenum dioxide, 1100 
dUlybdenum dioxydifluoride, 1118 
Molybdenum diaulphide, 1113 
Molybdenum hexafluoride, lllfl 
Molybdenum molybdate*, 1108 
Molybdenum nitride, 1120 
dolybdennm oxyhalides, 1116 
Molybdenum penUohlotide, 1116 
dolybdennm pcntasulpbido, 1118 
dolybdennm pentoxide, 1101 
Molybdenum phosphate, 1120 
dolybdenum phosphide, 1120 
dolybdenum seequiniide, 1098 
dolybdenum Ksquimlphlde, 1118 
Molybdenum dhiclde, 1121 
Molybdenum tetrabromidc, 1114 
dolybdennm tetrachloride, 1114 
dolybdenum tetimhydroxidc, 1100 
dolybdennm tetraaulphido, 1110 
Holybdeaom tetriodide, 1116 
Molybdenum thiooy*c»t«, 1120 
Molybdenum tribromlde, 1114 
Molybdenum trichloride, 1114 
Molybdenum trioride, 1101 
Molybdenum trisuhhlde, 1118 
Molybdenyl tetmohloride, 1118 
Holybdeny! totmfluoride, 1116 
Molybdio acid, 1102 
Molybdio ochre, 1097 
Molybdle tetmhydfoiide, 1100 
Moonlit* 788, 860, 860 
Mond nickel process, 1368 
Monel metal, 1386 
Monoolinic system, 197 
Monceymmetrio system, 197 

, Monthier’e blue, 1817 
Horenoaite, 1377 

•UMWar. 590.682; hyd»-]ic; 682 
Mosaic gold, 898 
Hottrmnhp, 044 
Mnntt metal, 671 

I 

, N 

NagyagMe, 607 « 

Natron, 290 • c £ 

^Natural arrangement of the elemhnte, 

c Neodraiifln, 824; compound* oft 
824] detection <426 e 




NMy»«biein, 829 
NenMninm, 975 ® 

Xeestarii eolation, 702 
New blue, 133*1 

Newton'e metal, 1036 * 

NleeoUt* 1366, 1380 
Nlehrome, 1386 

Nickel, 1365; alloys of, 1363; hi 
catalyst, 1388;'atomic weight of, 
69, 1387; colloidal, 1360; detection 
oi, 13S4; eatimation of, 1386; 
metallurgy of, 1368; opreperttea 
of, I860 

Niokel amide, 1378 
Niokel ammonium eolpbate, 1377 
Niokel end oobalt, separation of, 1388) 
1337 ’ 

Nickel arsenates, 1390 
Niokel arsenides, 1380 
Nickel sroimlde, 1378 
Nickel blende, 1369 
Niokel boride, 1880 
Niokel bromide, 1374 
Nickel carbide, 1381 
Nickel oarbonate. 1383 
Niokel chlorate, 1374 
Nickel chloride, 1373 
Niokel coinage, 1380 
Nickel cyanide, 1343 
Niokel dioxide; 1372 
Niokel disulphide, 1376 
Niokel fluoride, 1878 
Nickel glanoe, 1366 
Niokel hydroxide, 1371 
Niokel iodate, 1374 v 
Niokel iodide, 1374 
Niokel monoeyanidc, 1383 
Niokel monoaulphido, 1376 
Niokel monoxide, 1370 
Nickel nitrate, 1379 
Niokel nitride, 1378 
Niokel nitrite, 1379 
Niokel ochre, 1896 
Niokel oxidee, 1370 ‘ 

Niokel phosphates, 1880 
Nickel phosphides, 1380 
Niokel plating,' 1381 
Niokel eelenate, 1378 
Niokel eeeqoloxfde, 137C 
Nickel eeeqalajJphUe, 1376 
Nickel alL'Atea, 1384 
Nickel ailicide, 1884 > 

Niokel-xilrer, 1383,1364 
Nlckal-eteel, 1886 
Nickel suhralnMde, 1876 
Niokel sulphateTlsVe 
Niokel sulphite, 1378 . 

Ntcketdetcacarbonyt 1381 
Nickel teicoxide, 1&73 
Nokcl ttihjfdroxldB, 1372 

NlokaBne, 1366,1180 



wdht 


IMS 


Nil™, SOS • ■ 

mud™, ns 
mfc&Ow 

NitritopUa'oltoe, 1(79 
Nltrooohalt, IMS * 
NHroeopper, US 

NHimiokel, 137* 
Nitroprussio acid, 1321 
JJitTOeoferrioyanio acid, 1321 
Nlxfemun, 1010 * 

Non-mutale, 4 
Norm*) salta, 118 


DdontolHe, 768 
Okenite, 582 
Dlivenite, 466 ' 

01irin^644 • 

Open-hearth process,* 1268 

Optical aottvity, 204 

DrangMe, 8JB, 862 

Mental amotbyit, 740 

Orient*) top**, 740 

Miithito, 676 

Orthoclase, 334, 731. 759 

Ortliorliombio system, 198 

Osmates, 1427 

Osmlamlo acid, 1436 

Osmio add, 1427, 1428 

Omiohloridee, 1432 

Osmlnitritet, 1438 

Oemiridlnm, 1389, 1423, 1426, 1438 

Otmtmlphitea, 1433 . 

Osmium, 1423; atomio weight <d, 88, 
1437) flblloidal, 1426; detection of, 
1438; eetlmabon of, 1437; pre¬ 
paration of, 1433; properties of, 

Oeminrn hromidee, 1432 
Omnium chloride*, 1431, 1432 
Osmium fluoride*. 1430 
Omnium iodides, 1433 
Osmium nitrite 1436 
Oaijftum oxides, 1426 
Osmium oxyeulpiude, 1493 
Osmium sulphite, 143% 

Osmium tetrasulphide, 1483 
Osminin totroxide, 1427 
OsroochloJWgg, 1431 
Omnooyiuio sold, l£t$ 

Osmoaammine bydmiid* 1434 
Osmylitlamtiino chloride, 1434 
Omnyt salts, 1429 
Osrii 1439 
Osteohte, 546, 574 
Oxides, 112 * 

Oxjmuriato of tin, 894 
Otbmolybdic add, 1111 


Paekfong, 1384 

«*0a>&£ic*U*s, 1417 


PaUaSumT^i allows, 1414; am- 
moniacal oomponnds of, 1420; 
atomio weight oh 1422; colloidal, 
* 1413| detection and esUmatjon of, 
2121; oochurion of gases by, 1408; 
preparation df, 1407; propjrtio* 
1408; spongy, 1411; uses of, 1414 
Palladium black, 1412 • 

Palladium bromides, 1417 * 

Palladium chloride*, 1416, 1417 
Palladium cyanide, 1419 
Palladium-hydrogen, 1406 
Palladium iodide, 1418 
Palladium nitrate, 1419 
Palladium oxide*, 1416 
Palladium silieide, 1419 
Palladium sulphate, 1410 
Palladium sulphide*, 1418 
Palladium thiocyanate, 1419 
Parallel growths, 234 
Parametral plane, 188 
Parametral ratioa, 188 
Paris blue, 1319 
Paris yellow, 1068 
Partinium, 739 
Paste, 609 
Patent yelk)*-, 924 
Patronite, 944 
Pearl-ash, 389 
Paulite, 1263 
Pectolite, 582 
Pelcpium, 974 
PenUsadite, 1365 
Perchlorates, 133 
Psrehromates, 1072 
Perchromio acid, 1072 
Percolumblo acid, 982 
Period oi awrage life, 1513 
Period of half-change, llj|3 
Periodic syetera, 60; anomalies of, 
71, 74 

Permanent white, 629, 629 
Permanganic acid, 1187 
Permanganic oxychloride, 1196 
Psrmoiybdio acid, 1111 • 
Pertantalio acid, 093 
Pervanadates, 956 
PatTanadio aoid, 968 
Pendskite, 833, 839 
Percemio anhydride, 1427 
Peroxides, 114 
Peretannft acid, 889 
Pertantalio acid, 993 
Perthlorndybdatea, lilt 1119 
Pertungsbo acid, 1138 
Penrranatcs, 116ff 
Perranadatee, 966 
Perranadic aoid, 966 
Petelite^e42 

•Wet 1006 

Thanoh’t serpent, 720 
Phsrmaooaidsnte, 1298 
Phase rule, 124 



T 


UK 


VXDH 


V 

1638 « 

Phosgrcdta, 903 r> 

Phosphide* 1» 

Phcephochiloit*, 284 
PhMBhomoIybdic Mid, 1106 
Phosphor-bronae, 882 
ShosphereBaeooe specif*, 167 r 
Phosphorite, 676 < 

Phoephotnngstio acids, 11S5 
Phcojhovinldic sc id, 970 
Photography, 489 
Pig iron, 1222,1228, 1237, 1*41 
Pink •&, 895 

Pitchblende, 1149, 1150, 1616 
Plane of symmetry, 191 
Pluter of Paris, 671 
Plf tins tea, 1469 
pi*tiM,4i? 

PUtlruoromio acid, 1470 
Platinio add, 1469 
Platinio bromide, 1477 
Platinio chloride, 1474 
Platinio hydroxide, 1469 
Platinio iodide, 1477 
Platinio sulphate, 1479 
Platini hfomio acid, 1477 
PlaUniohlorio add, 1474 
Platinio hloridOM, 1475 
Platlnryanio add, 1486 
Platiniodio aoidf 1477 
Platlniretium, 1438 
Platinising, 1468 
Ffetinite, 1360 
F&tuutMooyanlo acid, 1480 
Platlnochloridw, 1473 
Flatinocyanio acid, 1483 
Platinoid, 1365 
PJetinonitrites, 1479 
Platino-pJatinio oaide, 1470 
PUtinosulpHtea. 1478 
Platincthiopletiietes, 1478 
Platlnous bromide, 1476 
Platinou* chloride, 1471 
Platinooa cyanide, 1483 
Platinous hydroxide, 1469 
Platinous Iodide, 1477 
platinum, 1461; action of rarious 
reagents on, 1467; anunoniacal 
compounds of, 1481; atomio weight 
of. 68,1489; oolloldal, 1466; detec. 
c tion of, 1487; estimation of, 1489; 
fulminating, 1480; metaHutgy of, 
•1483; preparation of rffiro, 1468; 
properitea of, 1468; spongy, 1462; 
uses of, M66; worlds production 
Of, 1468 

platinum arsenide, 1483 
Pietinum biaoi, 1463 
Platinum dioxide, 1466 
Platinum Sooddea, 1470 * , 

platinum mcnoohloride, 1471t , 

Platinum monoxide, 1468 
Pistmura ore, 1388, 1398, 1407, 1423, 
s 1438,146^1*62,1463 


PlstidL oxides, 1488 • 

Platii»ra phosphides, 1483 
Platinnm aelemde, 1479 
Plattmm ee*qufe.xide. 1470 
Platinum sulphides, 1477 
PlstlnuRUtelluiides, 1479 
Platinum trichloride 1473 
Platinum triotido, 1470 
Pluicbatee, 92J « 

PI am bocal cite, 646 
Fncumatogen, 338 
Pollux, 386 
Polonium, 1816 
Polybastte, 461 
Polyciaae, 976 
Polyhalitc, 344 
Polymorphism, 210 , 

Polysphaerite, 930 
Poroelain, 780, 702 " 

Portland cement, 683 ‘ 

Positive ray aoalyaia, 78,1493 
Potash, 240 . 

Potaih alum, 764 
Potashes, 369 , 

Potash felspar, 334, 731.759 
Potash lys, 341 
Potassamide, 357 
Potaasammonium, 392 
Potassinm, 332; atomio weight of, 
69, 377; detection of, 376; dis¬ 
covery of, 332; estimation of, 376; 
preparation of, 334; properties of, 
337; sources of, 333 
Potassium eliminate, 744 
Potaanom amalgam, 99, 6(f) 
Pataasium ammonostahnat*,'8D8 
Potassium antimonate, 1012 
Potassium antimony! tarlmt*, 1009 
Potassium arsenate, 308 
Potassium arsenide, 307 
Potassium araonite, 367 
Potoarium eutnte/iUO 
Potassium auribromidft 633 
Potassium anrichloride, 532 , 

Potassium BUricyanide, 641 ■ 

Pottasium auric sulphite, 836 
Potassium auniohloodh, 530 
Pataasium aurooyanide, 640 
Potassium azeimide, 358 „ 

Potassium borates, 368*' 

Potassiam brom-le, 3o0 
Pctscmum liromlde, 346 
Pclassinm carbide, 368 
Potassium oarbonate, 369 
Potassinm chlorate, 347 
Potassium chloride, $34, 344 
Potassium ohloroohromnte, 1072 
Potassium ohloroplatinioyanlde, 1484 
Potassim* chromate, 1062 
Potassium uhromie sulphate, 1080 
Polar*om chromioramde, 1086 
Potassium chromiudocyanate, 1086 
Potassiam ohromooyeaida, 1086 «, 

* Patsssilim rhromniilphsl^ 1083 ~ 































































































Praseodymium, £22 1 ooapomd s ct 
823; detection of, «*• 

Prediction of uqjfiaoovered elements, 
S9 

Preparing salts, 882 
Principal valenoy, 37, 

Protactinium, 1527, 1532 
Proton, 1QPS 
Prouetite. 461 
Proof a hvpotherii, 4* 


Prussian bhn, 1802, 131*, 1315, 1816, 
131f, 1318 
Proa0aft green, 1320 
Proeeiate of potuli, red, 1311; yellow, 
1308 

ftpudomalachite, 45* 

Iheudorecemjc compound*, 206 
ftitomehufj, 620,1172 
Prittaoinite, 9** 

Puoherite, 9*4,1032 
Puddling procres, 12*2 
Purple of Cassius, 62* 

Pusxnoleiia, I 


PyrergyriM, *61, 990 
►Pyrilio smelting, *2* 
PyrucWor, 859 
Pyroluaite. 1172, 1179 
Pyremorphite, 903, 930 
PyroVlnedia sgid, 952 
Pyrrhotite, 1286 


tjoadratio system, 199 

e don, 96 
.205 

Quarts glue, 610 
Quicksilver, 091 


Racofnic suhetancee, 229 
Radioactive change. product* of, 
1511; rata of, 1612 
Redioactto elements, 1*90,1531 
Kadioacuve element* and tire periodio 
< system, 16H, 1617 
Radioactive recoil, 1505 
Radioactive snbetaooee, discovery at, 
1*90 

• Rsdioeotivity, measurement of, 1500; 
phenomena of, 1502 , » 

Racfioteilorium, 1625 
Radiothorium, 1528,1531 
Radium, *315; atomio weight of, 
1518; emanatif*, 1621, 1531; eze 
treotionref, 1515, 1518; heat emie 
lion by, 1610, 1523; apectrum of, 
1618; spontaneous change of, 1520; 


Eadidfc eaRe^fwjiniA* and preset 

Bate earths, 793; metejs of the, 71 
Hi sepsratiso of, 798 
Reaction velocity, 1*0 , 

Retetiow velocity and tomperetoe, 
142,146 * 

Reoaleeoanoe of iron, 1215; of atee^ 
1261 • 

Red oopper ore, 413, *36 

Red lew!, 115,818 

Red preapitate, 702 ■ 

Red prorate of potash, 1311 
Red silver ore, 999 f 
Regular system, 202 
Regulur of Venue, 1005 
Reversible reactions, 137 
Rowdanikite, 1356, 136* 

RheOeUn, 1365 , • 

Rhoditee, 1*03 

Rhodium, 1398; alloys, 1401; ammo- 
niacal derivative* id, M05; atomio 
weight of, 1*06; colloidal, 1401 j 
detection and eetimatioo of, 1406; 
preparation of, 1306; \iropertiea of. 

Rhodium alurui, 140* 

Riodium hlaok, 1*00 
Rhoditfln ohloride, 1*03 
Rhodium hydroiides, 1*02 
Rhodium nitrate, 1*06 
Rhodium nitrite, 1*0* 

Rhoditun oiidea, 1402 
Rhodinm artphate, 1*0* 

Rhodium eulphide*, 1*0* < 

Rhodium sulphite, 140* 
Rhodochloriaea, 1*03 
Rhodooreeite, 1172,1203 
Rhodonite, 120* 

Rbombto ayatem, 108 
Rbombobedral eyitem, 200 
Rinmann’s green,*13S4 
Ripidolite, 731 

Rock salt, 265; itrucwro of, 230 
Romerile, 1291 • 

Roman oenent, 683 
Romdte, 1012 
Roeooelrte, 8t* 

Roee’i mete!, 1035 
Rosin-blecde, 668 
Rotator; noluSktUm, 

Rabidamida, 384 , 

Rubidium, 377; atomio weight of, 
886 ; deteotion of, 385; discovery 
of, 171; estimation at, 385; Conor- 
renoo of, 172, 379; preparation of, 


Radius andumaium, 1530 
* Radium dock, 1608 


' of, 381 

RuKdiolfl shun, 756 
Rubidium carbonate, 385 
RuSdram chlorate, 38* 
Rubidium chloride, 883 
Ru tedium hydride, 383 
a hydroaid*, 883 


-; 4 ?nUditua nitfate$184 
B^Wdiom qxtdaa, 383 
Rubidium perchlorate, 334 
Rubidium plaHwohkm'de, 1476 • 
Rubidium selenata, 384 
Rubidium sulphate, 237, 384 
Rubidium mlihi&M, 384 
■Ruby, 730, 740; synthetio, 741 
Ruby due, 606 • , 

Rupert's drop*, 603 
Rusting oi iron, 1218 
Rustleasjteei, 1064, 1220 
Ruthenlochloridea, 1394 
Rutheniocyanio acid, 1397* 
Ruthenium, 1388; sramoruacal deriv- 
ativns of, 1366; atomic weight of, 
1368; detection end estimation of, 
1368; preparation of, 1389; pro- 
partite of, lj90 
Ruthenium bromide, 1396 
Ruthenium carbonyl, 1397 
RutheniunMohloridea, 1364 
Ruthenium dithioneta, 1363 
Rather inm hydroxidee, 1361, 1362 
Ruthenium Iodide, 1366 
Ruthenium nitroaochloride, 1366 
Ruthenium oxide*, 1361, 1362 
Ruthenium oxychloride, 1394 
Ruthenium eiliolde, 1397 * 

Ruthenium sulphate, 1393 
Ruthenium aulphidea. 1396 
Ruthenium sulphite, 1395 
Rutile, 832, 833. 836 


S 

Sal-ammoniac, 304 
Balt-oeko prooesa, 303 
Saltpetrt, 368 
Saltpetre, Chili, 278 
Salta, acid, 117; h&io, 117; oomplex, 
118; doublap 118, 127; fusibility 
*n4 volatility of, 131; geoerio pro- 

S Ues of, 111 ; normal, 116; aolu- 
ty of, 119. 

Rails, aoide, and ba*e#,*04 
Sal-volatile, 405 

Samarium,. 825; compound* of, 
826 

Samarakito, 765, 767*971 1150 
Sapphire, 780, 736; ayntnbtio, 741 
Saxnragln, wl 

Scandium, 70, 803; ' compound* of, 
803 

Sohcelo’e green, A56 
Sobeelite, 1124,1133 
Sohllppe’t aalt, 1023 
SchSnfe, 856 
BchoriomUe, 833 
Sohweixer’a reagent, 439 
Selenite, 348, 568 

Allalte, 650 , 

Seml-poroekin, 766 


feenarmeniite, 238 
Serpentine, 1 144 
Setting of oementa, 584 
liderlte, 1225 

Silicof lingerie aciife, 1186 . 

Silver, ‘460; a'Joya of, 478; atomic 
• weight of, 606 ; oolloidal, *16; ■»- 
tetlion of, 505; «electrolytio 
roilning of, 471; ekutfro-dcpoal- 
tion of, 477; eatimation of,*60S; 
metallurgy of, 461; moleoular, 
473; orea of, 460; preparation of 
pure, $72; properties t>f, 473; 
wet extraction of, 468; world’* 
production of, 471 
Silver aoctylide. 497 
Silver alum, 756 
Silver amalgam, 700 
Silvor amide, 464 
Silvor arsenato, 497 
Silver areonitn, 407 
Silver ar.oimide, 4ll4 
Silver bromido, 487 
Silvor carbide, 497 
Silver oarbnnalo, 488 
Silver chlorate, 401 
Silver chloride, 484 
Silver chlorite, 491 
Silver ohromate, 1006 
Silvor coinage, 470 
Silver oyanamide, 408 
SUvtt cyanato, 468 
Silver cyanide, 408 
Silvor diohromato, 1067 
Silver diaulphido, 402 
Silver fluoride, 483 
Silver glanee, 401 
Silver hyponltrlie, 404 
Silver iodide, 489 
Silver nitrate, 465 
Silver nitride, 464 
Silvor nitrite, 485 
Silver oxide, 480 
Silver permanganate, 1102 
Silvor peroxide, 481 
Silver phosphates, 407 
Silver phosphide, 467 
Silver platmicyauide, 148 
Silver platinomtrite, 1480 
Silrer eodiom thiosulphate, 498 
Silver tubflnoride, 483 
SiJteanulahatc, 462 
Silver sulphide, 401 
Silver sulphite, 492 
Silver thiocyanate, 483 t 
• Silver thioaulphat^ 498 
Silver ultramarine, 768 ■« 

Silver vanadates, 956 
Silvcring.476 
SkutternJite. 1329, 1348 
(ahedtime. 661 
Smalt, 1352 
Smalt! to, 1329, 1348 
SmithaouRa, 664 




Sod*. 240, 296; manufacture of? 
296, 297, 298, 3165* 317, 324 [ 
natural, 290 • 

Sodaaah, 290,313 • 

Sods By electrolytic procemea, 325 
&da oryataia, 290. SW 


Sods from oryolite, J16 
Soda glass, fcolobk, 293 
Sodsralde.^77 
Soda film onion, 392 
Soddilo, 1160 

Sodiutfc, 203; atomic weight of, 
290; oorcpounda of, 209; detec¬ 
tion of, 291; estimation of, 290; 
manufacture of, 204; occurrence 
df, 203; properties of, 207; 
1 Ipectmacppio detection of, 108; 

u»)H of, SS8 
Sodium ahioi, 700 
Sodium alumiuate, 744 
Sodium aluminium chloride, 747 
Spdium amalgam, 99, 690 
Sodium imonato, 1013 
Sodium antimonite, 1010 
^idium arsenates, 2 H 6 
Sodium'S nenidc, 2S0 
Sodium aurichloride, 532 
Sodium auraaulpbide, 334 
Sodium aurothiraulphatc, 030 
Sodium auroua sulphite, 636 
Sodium azoimido, 277 
Sodium bicarbonate, 291, 331 
Sdtflum borates, 286 
Sodium bramldo, 298 
Hodiom carbide, 289 
Sodium carbonate, 290 
Sodinm chlorate, 270 
Sodium chloride, 290 
Sodium chromate, 1066 
Sodium cyanide, 292 
Sodium dicbromete, 1065 
Sodium dioxide, 262 
Sodium disulphate, 270 
Sodium disulphite, 273 
Sodium ditnnuiate, 1106 
Sodium feniojanide, 1813 
Sodium fornwyaaide, 1309 
Sodium fluoride, 266 
Sodium bydrogon fluoride, 260 
Sodium bexatantalate, 992 
Sodium bexaianadate, 932 
Sfdiam hydrate, 260 a- * 
Sodium hydride, 264 
Sodium hydrogen oarbouate, 291 
Sodium hydrogen peroxide, 263 
Sodium hydrogen eojphate, 273 
Sodium hySrogen aulphite, 272 
Sodium hydroxide, 200 
Sodium hypochlorite, 298 « 

Sodium hypophoephite, 279 . 

Sodium hyposulphite, 272 
Sbdinm Iodide, 298 
.Sodium Iridiehloride, 1440 
Sodium maniac ate, 1187 


Soditv metablaulpllte, 278 
Sodium metaborate, 288 a I 
Sodmm metaphoaphatee, 283 
Sodium metaerifimate, 888 
Sodium metavanadate, 902, 954 
Sodium rfolybdatea.1105 
Sodium monoxide, 209 
Sodium nitrate, 200, 278 
Sodium nitrite, 27 f 
Sodium nitropreaside, 1322 
Sodium orthophoaphatee, 280 
Sodium orthovanadate, 903a 
Sodium osmate, 1427 
Sodium Oibiehloride, 1432, 

Sodium oiminitrite, 1435 
Sodium oamiaulpbite, 1433 
Sodium palladioaulrtiite, lllS 
Sodium perborate, 28# 

Sodium percarbonete, £92 
Sodium perchlorate, 271 
Sodium permanganate, 1189 
Sodium peruranate, 1167* 

Sodium phosphide, 279 
Sodium platinichloride, 1476 ' 
Sodium platlnoeulphito, 1479 
Sodium platinothioaulpliate, 1479 
Sodium polyphosphate, 282 *• 

Sodium pyroantimonale, 1013 
Sodium pyroborate, 286 
Sodium pyrophosphates, 282 
Sodium pvrovanadato, 962, 954 
8odinm rhodochlorido, 1403 
Sodium aeleno-antimonete, 1025' 
Sodium aoarjh [carbonate, 331 
Sodium ailiostei, 293 . » , 

Sodium allioofluorldo, 294 
8odium atanaate, 887 
8odium auboxide, 269 
Sodium sulphate, 273; solubility of, 
125 

Sodium au)phide\271 
Sodium aulphito, 272 
Sodium snlpbonoumufe, 1434 
Sodium tantalofluorido/993 v 
Sodium tetrevBiiadsto, 052, 964* 
Sodium thiosotimontfe, 1023 
8odium tbioptlladate, 1418 
Sodium tbiostannate, 897 
Sodium ibioaolphate, 2lib 
Sodium titanate, 839 < 

Sodium titgpollfiiride, 841 
Sodium trioxide, 264 f 
8odlum trithiopnoephlte, 280 
Sodium tungutstea, 1131 
Sodinm Tanadlte, 960 
Sodinm ciroonate, 8S2 
Soft eoap, 342 
Sohneke/yutema, 216 
Solar atmosphere, 178 
8olar spectrum, 178 
Bolder, 880 

Solubility of alloya, 91; of raK 
Sdhifcle aodaglaee, 29$ 


pjDEI 


/11161 


I***/' .. 
rewrite, 516 
SorawaQalu, 396 
Sorbite, 1263 • 

Sparo-lattioo, 214 
Span apeotra, 154 • 

Spathio iron ore. *1212, 1222, 1225, 
4300 

Bpeolfio Brevity ol t*e olvmenij, SO 
Bpeclfld Boat ol metals, 15 
Spectra, flame, 164; are 164; 
•park, 464; X-ray, 167, 103; 
mapping and measuring. 167; 

S anations, in, 161 ; ol the 
bmenta, *62; ol isotopes, 103, 
178; ol compounds, 164; 
sbaoreiio* 173 t 

Speotral linea, relations botwaen, 186 
Jj«otnMi*pe, 1ST 
TSJwotreacope ana chemloal analysis, 
106 

Speotrum analysis, 148 
•Specular iron, 1239 
Spooular iron ore, 1212, 1224 
8peoolura-niet*l, 880 
Sjeiss-oobalt, 1239 
Sperrylite, 1462 
Bphene, 633. 839 
SpiegeHron, 1239 
Spinal, 044, 745 
Spinthariscope, 1601 
Spodumene, 242 
Stainbas stool, 1054, 1220 
Stannates, 680 9 

Stannibromi&a, 806 
Stannfcbltjiraes, 896 
Staoaifluoridea, 833 
Stannio acids, 886 
Stannic bromnlo, 895 
Stannio chloride, 893 
Stannio flaorido, 892 
Stannic hydroxides, 8t6 
Stannic iodide, S8f 
Stannio jitrate, 898 
Stanni#oxido, 884 
Stannio oxysulphide, 898 
Stannio pyrophnapoato, 889 
Stannio sulphate, 898 
Stannio sulpWp, 890 
Stannous brortrti\ 890 
Stannous chloride, 690* 

Stannous fluori&, 689 

Stannous iodide" 801 

Stannoua nitrate, 892 

Stannona oxide, 883 

Stannous sulphate, 892 

Stannoua solphklo, 891 

StaaaAut minerals, 128 

Staearort salts, 844 

Steel, 1222, 1240, 1269, 1201, 1202 

SM bronze, 739 ' 

Stellar apeotra, 181 

Staahanlta, 461 

Stlbfte, 1006 


SSbio-tantaiite, 976 
Btlbiite, 999 *• 

SUbnite, 997, 1018 , 

Stolxite, 903, 1124, 1133 
Stouesrare, 754 * 

Stream-tin, 873, 364 
Stroma) erite, 461 
Strontta, 514 

Strontianito,612,017 , 

Strontium, 012; atomio weight* of, 
618; compounda of, 014; detec¬ 
tion of, 618; estimation o{,eJ)18; 
■ preparation of, 613; propertiee 

Strontium arsenide, 517 
Strontium boride, 617 
Strontium carbonato, 617 
Strontium chlorido, 616 * 

Strontium ferrooyanido, 1310 
Strontium hydride, 616 
Strontium hydroxide, 014 
Strontinm nitrate, 617 
Strontium nitride, 017 
Strontium oxidea, 014 
Strontium phosphide, 617 
Strontium sulphate, 018 
Strontium sulphide, 616 
Suboxides, 115 
Suint, 334 
Sulphates 136 
Sulphide., 133 
Sulphites, 134 
Sulphontolybdic acid, 1110 
Sulpboncematce, 1434 
Sulphur, 211 
Sulvaoita, 944 
Superphosphate of lime, 670 
Supersaturated rotations, 129 
Supc restoration, relief of, 234 
Supereolubiiity curve, 130 * 
Supplementary valency, 37 
Syepoorite, 1340 
Rylvanite, 507 

Syivine, 334, 344; "structure 
220 # 
Symmetry of crystals, 190 
Sympathetio inks, 1339 
8yngenito, 572 


Tachhydatsaa344, 653, 051 
Taohybl, 483 
Tab, 644 
Tautaiatee, 992 
Tlntalic aoid, 992 , 

Tantalit*. 973, 976. 977 
•Tantalnm, 990; atomio weight of, 
990; dotation of, 987; halide 

r of, 905; preparation of, 
properties of; 990 
Tantalum oarbide, 990 
Tantalum oompotmds, extaaction of, 
Vti 






TiaUhm nitride* 996 * 

Tantalum oxidee, Ml ** 

Tantalum pentabromlde, 904 
Tantalum pentaoluorido, 994 
Tpntalum pontaflim-id*, 903 
Tantalum pentaiodldn 993 
AnUlBn sulphide, 906 
Tap-cinder»13+5 

Tartar ematio, 1009,1027 
TeBttWo bismuth, 1032 
Tellurium, atomio weight of, 09 
Tenotye, 413 
Tephroiec, 1204 
Terbium, 827 

TeMorel system, 202 
Tetertobodral form, 204 
TAredymitc, 1032, 1044 
Tetrnganartystem, J1K> 

ThaPo bromide, 790 
Thsllie chloride, 780 
Thalllc hydroxide, 789 

B io nitrate, 791 
io sulphate, 700 
Thaliio sulphide, 790 
Shallium, 781; atomic woigbt uf, 
792;#compounds of, 783; dctco- 
tion of, 791; dieoorcry of, 172: 
estimation of, 792; prop#ration of, 
781* property* of, 782 
Thallium alum, 786 
ThaHinm munoxlda, 783 • 

Thallium phcephatee, 787 
DhuQium silicate, 788 
Thallium trioxide, 788 
Thalloua borate, 788 
ThaUoua bromide, 784 
Thalloua carbonate. 787 
ThaDotu ohlorate, 786 
rhalloue chloride. 784 
Thalloue cyanide, 787 
Thalloua fluoride, 784 
Thalloiu hydroxide, 783 
Thalloua iodide, 786 
rhailoua nitrate, 786 
Thallotif nerchlorate, 783 
Thallous sulphate, 786 
Challoua sulphide, 785 
TWnerd'e blue, 1333 
Thermal etaaeifloatioc oi alloy* 87 

Thermite, 737,1053 
Thermhnatrite, 290 
Thiaxntlnomitee, 1021 
Thloetannic acid, 897 
Thiotuna«ta4e* 1146 
Tboria, 883) 

Tborianite.'796, 869, 86 
Thorite, 869, 860, 862 
Thorium, 869;. atomic weight of, a 
867; compound* of, 862; detec¬ 
tion of, 867; eat traction of, 867; 

. .preparation of, 881; proaertiewcf, 

• 862; radio activity of. 1627 
Thorium Ixyidee, 886 
Thorium carbide, 866 


ThcriJi oarbonateu, 898 
Thorffe ohloriie, 864 
Thorium emanation, 132s, 1)3! 
ThdBum fluoric, 864 
Thorium hydride, 863 
Thorium (titrate, 866 
Thorium nitride, 866 
Thorium oxldo* 862, 863 
Thorium phosphate, 866 
Thorium silioide, 866 
Thorium sulphate, 865 
Thorium sulphide, 895 
Thorium-J. 1527,1631 
Thulium, 828 
Tien Argent, 739 

Tin, 872; alloya of, 880; atomic 
weight of. 001 compound* of, 
883; dotootion of, 900; estimation, 
of, 900; motallhrgy 873; 
properties of, 977; haoa of, 879 m«c 
Tin amalgam, 882 
Tin hydride, 892 
Tin poroxido, 889 
Tin phoephidoi, 899 
Tin pyrites, 873 
Tin salt, 890 
Tincal, 286 
Tinetonc, B73. 884 
Titan amide, 843 
Titanic acid., 837 
Titanic iron ore. 839 
Titanite, 833, 839 

Titanium, 832; atomio weight of, 
84B; coy pound, of, 835; detec¬ 
tion of, 848; oatimatlon of, 848; 
preparation of, )B3; * •propoitloa 

Titanium bromide* 844 
Titanium carbide, 847 
Titanium chlorides, 841 
Titanium cyaoooitride, 847 
Titanium dlchlortde, 841 
Titanium fluoride* 640 
Titanium iodide., 84* , 

Titanium nitride* 840 
Titanium oxide* 835 
Titanium onohloridh, 344 
Titaolurn mfphitea, 846 
Titanium sulphide., 845 
Titanium tetnchloridadCtf 
Titanium trichlarido.'Ml 
Titanium Aioxide, 839 
Tixa, 267 * 

Tombac, 671 

Topaz, 759; oriental, 740 
Topio axe., 236 
Tcrbemite, 1160 
Tourmaline, 644 
Trmnait*>n interval, 128 
Tmnaition temperature, 122 
Trfchromy! chloride, 1071 
Tridinlc system, 196 
rrigonal ayxtem, 200 

himangaoeae tetroxiie, 1177 






MB* 



MJ.S79 
1108 
. 1282 
Tioa»,28S 

TrooaUie, 1203 - • 

Tungrtatee, 1128 

Tungsteo, 112*; alloys of, 1127; 
atgnrio weigh# of,* 1148; detec¬ 
tion of, 1147; estimation of, 
diw; preparation of, 1124; 
properties of, 1125 

l arsenido, 1140 ' 

lhoride, 1147 
__ iWim, 1134 
Tungsten oerbldee, 1140 
Tungsten^hlorolulphlde, 1145 
~ t dibeunide, 1143 
l diohloride, 1140 
_ en dl-lodlde, 1144 
Tungsten dioxide, 1127 
Tungsten disulphide, 1145 
Tungsten hexabromide, 1144 
Tungsten hoxaohloride, 1141 
Tungsten hexafluoride, 1138 
Tungsten nitride. 1140 
Tungsten oxybromldea, 1144 
Timjreten oxychlorides, 1143 
Tungsten oxyflooridei, 1139 
Tungsten pentabromide, 1144 
Tungsten pentaehloride, 1141 
Tungsten phosphide*, 1146 
Tungsten seequioxide, 1127 
Tungsten sllioido, 1147 • 
Tungst^wtetmohloride, 1140 
Tungsten tetm-iodide, 1144 
Tungsten trichloride; 1140 
Tungsten trioxide, 1128 
Tungsten trisolphlde, 1145 
Tungsten tungstates, 1134 
Tnegsionite, 1124 
Tnngstlo sold, 1129 
Tungstosilioio floid, 1136 
Turnbull’s Mne, 1319 
Teel’s yellow, 844 
Turquoise, 76% 

•Twin oiystals, 205 
Type metal, 1004 


U 

n Umoenlle , 999 

Ultramarine, 760; yellow, 1007 
Unnstea, 1164 
Uranio hydroxide, 1154 
Unaio oxide, 1164 
Kranlnite, 1149 

Uranium, 1149; stomio Might of, 
89, 1109; detection of, 1107; 
ertlmstlcn of, 1168; prapmtlon 
c/, 1151; properties of, 1161; 
, radfc*ttrt9rof,1588 
Branlnm sofradium, 1530 


*Uraaimn arsenide, 1166 
Uranium b&de, 1166 

Uranium carbide, y60 

dJanoun difluoride, 1167 
Uranium dioxide; 1153 
Uranium bexaiooride, 1168 
Cranftm mica, 1160 
Uranium nitride, f 164 a 
Uranium oxybromide, U(U 
Uranium oxyohlotide, 1)58,1 
Uranium pentaehloride, 1169 
Uranium pentoxide, 1158 ■,», 
Uranium*peroxide, 1168 
Uranium phosphide, 1165 
Uranium-radium series, 1531 
Uranium red, 1162 
Uranium eelenidee, 1163 
Uranium eesquleulp)ude,1l01 
Uranium ailioide, 1167 
Uranium telluiide, 1163 
Uranium tetrabromlde, 1161 
Uranium tetraohloride, 1168 
Uranium tetmfluorlde, 1167 
Uranium tetiaiodlde, 1161 
Uranium tribromida, 1161 
Uranium trichloride, 1158 
Uranium-X, 1629, 1631 
Uranlnm yellow, 1166 
Umnoeo-uranio osid> 1166 
Uranospathlte, 1149 
Urancapinite, 1106 
UranoUntallte, 1160 
UranothaDite, 1160 
Uranona ohlorido, 1158 
Uranoua fluoride, 1167 
Uranoui hydroxide, 1163 
Urenoos oxySuorido, 1168 
Uranoua phosphates, 1105 
Uranoua sulphate, 1163 
Unaous sulpiride, 1161 ’ 
Uranyl arsenates, 1106 
Uranyl bromide, 1161 
Uranyl oarbonales, 1100 
Uranyl ohloride, 1160 
Uranyl oyanidea, 1107 . 
Uranyl fluoride, 1168 
Uranyl hypophoaphlte, 1165 
Uranyl iwfide, 1161 
Uranyl nitrate, 1164 
Uranyl oxide, 1154 
Uranyl phosphates, 1166 
UradJTaleiude, 1103 
Uranyl sulphate, 1164 
Uranyl sulphide, 1102 
Uranyl sulphite, 1103 
Urao, 292 > 

Urarorile, 1062 


Valency, 28,80, 39.67 
Valentin Ite, 999,1008 1 
Validates, 962 
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